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SECTION & 
MULTIVIBRATOR CIRCUITS 
PART A. ELECTRON-TUBE CIRCUITS 
ASTABLE (FREE-RUNNING) MULTIVIBRATORS. 


The tem astabie muitivibrater ieleis to one cl 
multivibrator or relaxation-oscillator circuits that can 
function in either of two temporarily stable conditions and 
is capable of rapidly switching from one temporarily 
stable condition to the other. The astable multivibrator is 
frequently referred to as a free-running multivibrator. It 
is basically an oscillator consisting of two stages coupled 
sc that the input signal to each stage is taken from the 
Gutput of the cther, Thus the clreuit becomes treerunning 
becouse of the regenerative feedback, and the frequency of 
operation is determined primarily by its coupling-circutt 
constants rather than by an extemal synchr 

The trequency of operation jor an astable mu 
can be as low as one cycle per minute or as high as 100 
kilocycles per second, depending on the circuit design. 

The output of the astable multivibrator is usually 
nearly rectangular in form. A symmetrical output results 
when the R-C time constants of the coupling circuits are 
made equal. Rectangular pulses of almost ony desired 
width (time duration) can be obtained by proportioning the 
R-C time constants of the coupling circuits withrespect 
to one another; the resulting pulse output is unsymmetrical 
since the R-C time constants of the coupling circuits are no 
longer equal. 

The operating frequency of the astable multivibrator 
can be changed by switching values of R or C, or both 
R and C, in the coupling circuits to alter the time constants. 
For example, a multivibrator designed to operate at 800 
pps can be changed to a lower frequency, such cs 400 pps, 
hy simply switching additional capacitors into the circuit 
in paraHel with the existing coupling capacitors to lower 
the repetition frequency. 

The frequency stability of the multivibrator is some 
what better than that of the typical blocking oscillator. 
However, a disadvantage of the multivibrator is that its out- 
Put impedance is essentially equal to the plate-load tesis- 
tance and this resistance must be relutively high in order 
to obtain good frequency stability. Also, the negative. 
going waveform is generated | ata much lower umpesance 
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duces a square-wave output for use as trigger or timing 
pulses. 


CHARACTERISIICS. 
Freerunning oscillator; does not require trigger pulse 


te produce oscillations. 


Operating frequency is determined primarily by the RC 
time constants in the feedback (plate to-arid) coupling 


sl 


its and by applied voltage. 

Frequency stability of 3 percent can be obtained. 
Input trigger pulses may be applied to the circuit for 
synchronization to produce a stable output; it may be 
synchronized at the trigger-pulse frequency or intearal 
submultiples thereof, 

Symmetrical square- oF rectangular-wave output is 
produced wher: the 
are equal. Unsymmetrica! output is produced ‘when the 
KC time constant of one grid circuit is purposely mode 
several times greater than that of the other; for this 


e cutct! for unequal periods of 


condition the two tub: 


“Output impedance is essentially equal to plate-toad 
impedance. 


CIRCUIT ANALYSIS. 

General. The free-running plate-to-yrid coupled 
multivibrator is a basic astable muitivibrator, The circuit 
is fundamentally a two-stage R-C coupled amplifier with 
the output of the second stage coupled to the input of 
the first stage! Thus the output signal is fed back in the 
proper phase to reinforce the input signal; as a result, 
ined oscillations occur. 

Circuit Operation. The accompanying circuit schematic 
illustrates two triode electron tubes in a basic free 
running multivibrotor circuit. Electron tubes V1 and V2 
are identical-type triode tubes; although the accompany- 
ing schematic illustrates two separate triodes, a twin - 
tnode is frequently used in this clreuit. Capacitor Cl 
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provides the coupling from the plate of V2 to the grid cf 

Vl; capacitor C2 provides the coupling from the plate of 

V1 to the grid of V2. Resistors Rl and R2 are the grid re- 
sistors for V1 and V2, respectively; resistors R3 and R4 

are the plate-load resistors for V1 and V2, respectively. 

Capacitor Cl ond resistor Rl form an RC circuit to 
determine the discharge time constant in the grid circuit 
of V1; capacitor C2 and resistor R2 determine the dis- 
charge time constant in the grid circuit of V2.. Output 
pulses can be taken from the plate of either or both electron 
tubes. Capacitors C3 and C4 are the output coupling 
copacitors for V1 and V2, respectively. 

When voltage is first applied to the circuit, the orids 
of both tubes are at zero bias and plate current starts to 
flow through plateload resistors R3 and R4, Also, capaci- 
tors Cl and C2 begin to charge when the applied voltage 
appears at the plate of each tube. If the constants of both 
Stages of the circuit are alike, the currents through both 
tubes may at first be nearly equal. In practice, the 
symmetrical free-running multivibrator component values 
are held to close tolerances in order to obtain good freq 
uency stability; the value of coupling capacitors Cl and 
C2 are at least 2 percent tolerance, grid resistors Rl and 
R2 are | percent tolerance, and plate-load resistors R3 and 
R4 are usually 5 percent tolerance. However, in spite of 
the close tolerances of the components, there will always be 
some slight difference in the two currents. This small dif- 
ference in tube currents wil] cause a further unbalance, 
tesulting in a regenerative action which rapidly switches the 
circuit to a condition wherein one tube is conducting max- 
imum current and the other is cut off. 

For example, if initially the current through tube V1 
should be slightly greater than that through V2, the volt- 
age drop across plate-load resistor R3 will be greater than 
the drop across resistor R4. This results in o lower plote 
voltage for VI. This decrease in plate voltage is coupled 
through coupling capacitor C2 to the grid of V2 as a 
negative-going instantaneous grid voltage which reduces 
the plate current of V2. When the current through V2 is 
decreased, the current through plate-load resistor R4 is 
also decreased; therefore, the voltage drop across resistor 
Rd decreases, resulting in a rise in the plate voltage of 
V2, This increase in plate voltage is coupled through 
coupling capacitor C} to the grid of V1 as a positive 
going instantaneous grid voltage which increases the plate 
current of V1. The drop across plate-load resistor R3 
increases, the plate voltage of V1 decreases, and as before, 
the decrease in the plate voltage of V1 is coupled to the 
grid of V2 as a negative-going voltage. The regenerative 
switching action just described continues rapidly until V2 
is cut off and V1 is at maximum conduction. 

In order to cut off plate current in V2, the grid of V2 
must be driven negative beyond the cutoff voltage. The 
negative grid voltage results from a chorge on coupling cap— 
acitor C2. Since this charge leaks off through grid resistor 
R2, the grid voltage at V2 does not remain in a negative 
condition but starts to retum to zero as C2 discharges 
through R2 and the cathode-to-plate conduction resistance 
of V1.. When C2 discharges sufficiently and the grid voltage 
cutoff point is reached, plate current once again starts to 
flow through V2, initiating another switching action 
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similar to the first action described. However, this time as 
V2 conducts, coupling capacitor Cl discharges through grid 
resistor Rl to cut off the plate current in V1, and the 
switching action ends with V1 cut off and V2 at maximum 
conduction. Here again, the negative charge existing on 
coupling capacitor Cl must discharge through arid resistor 
Rl and tube V2 before the grid voltage cut off point is 
reached and V1 can conduct to initiate another switching 
action. The switching action repeats continuously with 
first one tube and then the other tube conducting. 

For the following discussion of circuit operation, refer 
to the accompanying illustration which shows a simplified 
schematic and waveforms for a symmetrical free-running 
multivibrator, 

At time to (start of time interval a) on the waveform il- 
lustration, the grid of V1 (eg1) has been driven negative to 
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cut off the tube, ond, as a result, the plate voltage of V1 
(ep1) has risen rapidly to approach the supply-veltage 
value (Epp). Coupling capacitor C2 is quickly charged 
through the low cathode-to-grid intemal resistance of V2 
and the plate-load resistor, R3. The voltage waveform at 
he plate of V1 (ep) is rounded off, and the waveform at 
the grid of V2 (eg2) has a small positive spike of the same 
time duration as a result of the charging of coupling cupac- 
itor C2. Since at this time the grid of V2 is slightly posi- 
tive, V2 conducts heavily and the plate voltage of V2 {ep2) 
drops toa minimum. Note that the plate voltage waveform 
(ep2) exhibits a small negative spike of the same time dur- 
ation as the positive spike on the grid waveform {eg2)- 

While coupling capacitor C2 is being charged, coupling 
capaciter C1 {previously charced) discharges through grid 
resistor M1 ond through the conduction resistance of ¥2, 
Capacitor C1 cannot change its charge immediately; there- 
fore, it produces a negative voltage {egi) actoss grid re- 

S Rl, which decays at an exponential rate (toward 
zero) as capacitor C] discharges. The rate of discharge 1s 
determined primarily by the R-C time constant of Ri and 
Cl. Although the conduction resistance of V2 is included 
in the discharge path of Cl, the resistance is small as 
compared with the resistance of Rl, and can therefore be 
neglected. 

‘when the negative voltage (eg:) produced across grid 
resistor Rl decreases near the end of time interval « and 
reaches cutoff, V1 immediately conducts ond the plate 
voltage of V1 (epi) drops to a minimum; the circuit now 
switches to the other condition with V2 cut off by the dis- 
charge of capacitor C2 through grid resisic: RZ. 
dition is shown on the wavetorm illustration as the start of 
me interval b. Coupling capacitor C2 discharges through 
gtid resistor R2 and through the conduction resistance of 
Vi. The rate of discharge is determined primarily by the 
R-C time constant of R2 and C2. (The conduction resis- 
tance of V1 is small and con be neglected.) 

When the negative voltage (eg2} produced across gid 
resistor R2 decreases necr the end of time interval & and 
reaches cutoff, V2 immediately conducts and the plate volt- 
age of V2 (ep2) drops to a minimum; the circuit now 
switches to the other condition with VI cut off by the dis- 
charge of capacitor C] through grid resistor Rl. This con- 
dition is shown on the waveform illustration as the term- 


ing actions are equal te one another. To obtain u pulse 
ontput which is unsymmetric metrical or unbalanced}, 
it is necessary to proportion the time constants in the cou- 
pling circuits sn that one tube remains cut off tor only a 
short period of time while the other is cut off for a much 
longet period. For example, if the time constant cf Rl and 
©1 is made short compared to the time constan' 


‘ 
C2, then Vi will be cut off fora shori petiod of 


V2 will be Cut off ior a iuiges peed, “hes, 
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tervals a and e, shown on the waveform illustration will be 
short while time intervals b and d will be long. 

The time interval for either output pulse may be approx- 
imated if the voltage change across the coupling capacitor, 
the R-C time constant of the discharge path, and the cut- 
off voltage of the tube are known. The approximate time 
interval, t, for the capacitor to discharge to cutoff may be 

by use of wing formula: 


detennine: 
detemined by 


t= 2.30 RC log Es 


co 


t = time interval to discharge to cutoff (seconds) 
E. =maximum voltage change across capacitor 
Eco = negative cutoff value for tube 

R = resistance of grid resistor (megohms) 

C = capacitance of coupling capacitor (u f) 

If the grid resistor, R, is retumed to a positive voltage 
source, such as the plate-supply voltage (Epp), the formula 


becomes: 


where: 


UY 2,30 RC log Foyt Ee 
Spb + Eco 


where: Epp = plate-supply voltage 
The natural operating frequency (cycles) of the oscilla- 
tor, fo, may be calculated from the following formula: 


fp=—) 
ty t ty 
where: 1, = Ume interval to discharge te cutoff for VI 
grid circuit, - 
t, = time interval to discharge to cutoff for V2 


The lree-runnin rator way 
a stable extemal source to force the perio 
n to be exactly the same as the synchronizin 
In this case the multivibrator is called a driven multivibra- 
eonjzi nals, when used, are applied to the 
gid of one multivibrator tube if the impedance of the syn- 
chronizing source is high, or to the cathode if the impe- 
dance of the source is low. In either case, the frequency 
of the synchronizing signal must be slightly higher than 
the natural operating frequency of the multivibrator so that 
the synchronizing pulse vccurs just prior to the time that 
normal switching action would occur. 

The output of the multivibrator Is taken from either or 


gq capaciter 


both plate cirouits through an outs 
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(C3 or C4). In cases where it is desired to minimize the 
effect of a varying load impedance on the multivibrator fre- 
quency stability, a cathode follower is used for isolation. 


FAILURE ANALYSIS. 

Ne Output. Assuming that the multivibrator is a free 
tunning type and no synchronizing signal is applied, the 
applied plate and filament voltages should be measured to 
determine whether they are within specified values. If 
either coupling capacitor Cl and C2 should become leaky or 
shorted, a positive potential will be present on the grid of 
the associated tube and, as a result, the tube will conduct 
heavily; the other tube will also conduct heavily, since it 
will be at zero bias. A similar condition could exist if 
either coupling capacitor C1 or C2 should open; in this 
case the feedback necessary to sustain oscillations cannot 
occur and both tubes will conduct heavily because the grids 
are at zero bias. If the circuit is in a nonoscillating con- 
dition, the voltage at each plate should be measured to de- 
termine whether plate-load resistor R3 or R4 is open. If 
either is open, there will be no plate voltage present on 
the associated plate; also, the other tube will conduct heav- 
ily because of zero bias, and its plate voltage will be low. 
If either output coupling capacitor (C3 or C4) should be- 
come leaky or shorted, the input resistor of the following 
stage con form a voltage divider which also includes the 
associated plate-load resistor (R3 or R4). If the input re- 
sistor of the following stage is retumed to ground or to a 
negative potential, voltage-divider action may reduce the 
voltage available at the plate of the multivibrator to the 
point where oscillations will cease; also, the additional 
current through the plate-load resistor (R3 or R4) may cause 
the resistor to bum out, 

Incorrect Frequency or Pulse Width. The critical com- 
ponents goveming the frequency and pulse width of the 
multivibrator are those in the coupling circuits. Any change 
in components governing the R-C discharge time constant 
will directly affect frequency ond pulse width; a change 
in capacitor Cl or C2 or resistor Rl or R2 will have the 
greatest effect. A change in the value of plate-load resis- 
tor R3 or Rd will affect the anplitude of the output, and it 
will also have an effect upon the frequency, but not nearly 
as much as the components mentioned above. 

A drift in frequency of the free-running multivibrator 
will generally occur if the applied plate voltage should 
change approximately 10 percent from the specified value; 
also, some frequency drift may occur if the filament volt- 
age should drop below the specified value. 

In a practical circuit, where the multivibrator is free- 
Tunning and is not synchronized from an externa! source, 
means may be provided to adjust the applied plate voltaye 
or to adjust the value of resistance in each yrid circuit. 
This provision enables the circuit to be adjusted to the 
correct frequency and oulse width, and compensates for 
differences in individual tube characteristics when a tube 
substitution has been made. 

If either output coupling capacitor (C3 or 24) should 
become leaky or shorted, the voltage-divider action which 
can occur may reduce the amplitude of the output waveform 
and cause the multivibrator to operate at a higher frequency, 
since the grid capacitor (Cl or C2} discharye time is Jepen- 
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dent upon the amount of change in capacitor voltage. The 
operation of the following siage may also be affected by 
the change in grid-bias voltage resulting from the volta, 
divider actior.. 


PENTODE ELECTRON-COUPLED ASTABLE MULTIVI- 
BRATOR. 


APPLICATION. 

The pentode electron-coupled astavle multivibrator 
produces a square-wave output for use as trigyer of tining 
pulses. 


CHARACTERISTICS. 

Free-running oscillator; does not require triyger pulse 
to produce oscillations. 

Operating frequency is determined orinatily by the 3-C 
time constants inthe feedback (screen-to--yrid} coupling 
circuits and by the applied screen voltage. 

Frequency stability of 3 percent con be obtained. 
Input trigger pulses may be applied to the circuit for syn- 
chronization to produce a stable output; the circuit may be 
synchronized at the trigyet-pulse frequency or integral 
submultiples thereof. 

Symmetrical squsre- or rectanyulaf-wave output is 
produced when the 8-C time constants of the grid circuits 
are equal. Unsymmetrical outout is produced when the 
3-5 time constant of one ytid circuit is purposely made 
several times greater than that of the other; for this con- 
dition the two tubes are cut off for unequal periods of time. 

Output is obtained from either plate circuit (or both). 
Chanyes in load have minimum effect upon multivibrator 
frequency because load is isolated from pentode screen 
(multivibrator plate) circuit by electron-stream coupling 
and suppressor-grid action of tube. 


CIRCUIT ANALYSIS. 

General. The pentode electron-coupled multivibrator 
is basically a free-running (triode) plate-to-grid-coupled 
multivibrator using the screen grids of sharp cutoff, pen- 
tode-type tubes as plates for the multivibrator switching 
function. The circuit is fundamentally a two-staye 2-0 
amplifier with the output {screen ytid) ofthe second stage 
coupled to the input of the first staye. The screen grid of 
each tube functionsin the oscillator circuit as though it 
were the plate of a triode. Thus, the output signal from 
the screen grid is fed back in the proper phase to reinforce 
the input signal; as a result, sustained oscillations occur, 
The outout, taken from the plate-load resistor, is coupled 
to the multivibrator oscillatory cifcuit through the electron 
stream of the pentode tube. 

Circuit Operation. The accompanying circuit schematic 
illustrates two pentode electron tubes in ¢ basic free-running 
multivibrator circuit. clectron tubes V1 and V2 are identical 
sharp cutoff, pentode-type tubes. Capacitor C1 provides 
the coupling from the screen grid of V2 to the grid of V1; 
capacitor ©2 provides the coupling from the screen grid of 
V1 to the gtid of V2. Resistors Rl and R2 are the grid 
tesistors for Vi and V2, respectively; resistors 33 and A4 
are the screen resistors for V1 and V2. Resistors R5 and 
R6 are the plate-load resistors for V1 and V2, respectively. 
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Resistor R7 is a series voltaye-dropping resistor which is 
common to both screen -yrid circuits. 

Capacitor Cl and resistor Rl form an R-C circuit to 
determine the discharge time constant in the grid circuit 
of V1; capacitor C2 and resistor R2 determine the discharge 
time constant in the grid circuit of V2. 

Output pulses can be taken from the plate of either or 
both electron tubes. Capacitors C3 and C4 are the output 
coupling capacitors for V1 and V2, respectively. 
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Pentode Electron-Coupled Astable Multivibrator 


The switching action of the electron-coupled multi- 
vibrator is similar to that of the triode plate-to-yrid-coupied 
multivibrator circuit, previously described in this section. 

When voltage is first applied to the circuit, the grids of 
both tubes are at zero bias and both plate and screen cur- 
ft start to flow; the plate currents pass through plate- 
load resistors 85 and R6, ond the screen currents pass 
through resistors R3 and R4 and through the common voltaye- 
ot, Ril Aso, capa Cl and C2 bento 


{each tube, The currents thr 4h both | tubes may be ¢ 
at first; however, in spite of the close tolerances of the 
components in the control-yrid and screen- grid circuits, 
there will always be some slight difference in the total 
currents of the tubes. The difference in screen-yrid cur- 
rents will cause a further unbalance, resulting in a re- 
generative action which rapidly switches the circuit to a 
condition wherein one tube is conducting maximum screen 
and plate een and the other is cut off. 


dropping resist 


o 


itigl! 
nitially 
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For example, if 


pla! 
current through tube V1 should be slightly greater than 
that through V2, the voltage drop across screen resistor 23 
he aracter than the drop actoss screen resistor R4. 
This results in a lower screen voltage for Yl. ‘This de- 
Crease in screen vollaye is applied througn Coupling capa- 
itor C2 to the grid ot VZ as a negative yoing instantaneous 
atid voltage which reduces the plate and screen currents 
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of V2. When the screen current of V2 is decreased, the 
current through screen resistor R4 (and resistor R7) is 

also decreased; therefore, the voltage drop across resistor 
94 decteases, resulting in a rise in the screen voltage of 
V2, This increase in scteen voltaye is fed through coupling 
capacitor Cl to the utid of V1 as a positive-going instan- 
taneous yrid voltaye which increases the screen current of 
V1, The voltaye drop across screen resistor R3 increases 
as the screen current incteases, the screen voltage of V1 
decreases, and, as before, the decrease in the screen vol- 
taye of V1 is applied to the grid of V2 as a neyative-going 
voltage. Note that as the screen current of V1 increases 
the screen current of V? decrenses. Sinre the screen 
Currents of Vi and VZ flow through dropping resistor A7, the 
pele (with respect to yround) at the junction of resistors 
R3, 84, and R? remains essentially constant throughout 


the entire period of os 


ation. 

The regenerative switching action just described for 
the screen-grid to control-grid coupling of the pentode 
multivibrator circuit continues rapidly until V2is cut off 
and V1 is at maximum conduction. In order to cut off plate 
and screen current in V2, the grid of V2 must be driven 
negative beyond the cutoff voltaye. The negative grid 
voltage results from a charye on coupling capacitor C2. 
Since this charge leaks off through grid resistor R2, the 
gtid voltage at V2 does not remain in a negative condition 
but starts to return to zero as C2 dischatyes through resistor 
R2 and the conduction resistance (cathode to screen grid) 
of Vl. When capacitor C2 discharges suificiently and he 
grid voltaye cutoff point is reached, the plate and screen 
currents once again start to flow through V2, initiating 
another switching action similar to the first action described. 
However, this time as V2 conducts, coupling capacitor C1 
discharges through grid resistor R1 to cut off the plate and 
screen currents in V1, and the switching action ends with 
V1 cut off and V2 at maximum conduction, Here again, the 
charge existing on coupling capacitor Cl must discharge 
through grid resistor °1 and tube V2 before the rid voltage 
cutoff point is reached and V1 can conduct to initiate another 
switching action. 

In a sharp cutoff pentode tube, as long as the plate 
voltaye is greater than the applied screen voltaye, the 
Pgh current in the tube depends laryely upon the screen 


to the cathode and therefore attracts electrons trom the 
cathode; however, most of the electrons attracted by tne 
scteen pass on through the screen gtid and reach the plate. 
It is this flow of electrons to the plate that couples the 
multivibrator action to the plate circuit, from which the out- 
put waveform is outained. The term electron coupled tc~ 
fers to this method of coupling within the tube, 

The fact that plate current is laryely independent of cp- 
plied ala! it possible to nroduce the desired 
output waveform in the plate circuit since the positive 
potential existing on the s peo will control the number of 
electrons arriv the plate and 


load resisiol, the 
also maximum 
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the tube is minimum. wWnen the 
tube is cut off, tne plate voltaye is at maximum. Thus, 
the voltaye at the plate cf the tuve is Jetermined by the 
coupling of the electron stream to the plate circuit, and 
this, in turn, is governed uy tne switchiny action of the 
cnultivivrator oscillatory circuit {control and screen 4tids). 
Tne suppressor rid acts to shield the screen fron the plate 
and prevents chanyes in loadiny from affecting the oscil- 
latory circuit; therefore, the frequency of the multivibrator 
is reasonably independent of changes in outout loading. 

Like the triode plate-to-yrid-couple? multivibr ator, 
previously in this section, the proportionin’y of 
the ii-c time constants of the coupling circuits (3121 and 
a determine whether the outout vaveforn will be sym- 
metrical ot unsy:nmetrical. 

The output waveform is taken from either or both plate 
circuits and coupled to te load throuyh an outout-coupling 
capacitor (C3 or C4). 


and the plate voltage 


FAILURE ANALYSIS. 

No Output. Assuming that the multivibrator is a free 
running type and no synchroniziny signal is aonlied, the 
plate, screen, and filament voltages should be measured to 
determine whether they are within specified values. If 
aither coupliny capacitor 1 of C2 should become leaky or 
shorted, a positive potential will be oresent on the yrid of 
the associated tube, and, as a result, the tube will conduct 
continuously; the other tube will also conduct, since it 
will Le at zero bias. A similar condition could exist if 
either coupling cavacitor 21 or 2 should open; in this case, 
the feedback necessary to sustain oscillations cannot 
occur, and both tubes will conduct continuously because 
the grids are at zero bias, If this circuit is in @ nonoscillat- 
ing condition, the voltage ot each screen grid should be 
measured to determine whether screen resistor R3 or R4 is 
open. If either is open, there will be no screen voltage pre- 
sent on the associated screen gtid, and the tube will be cut 
off; also, the other tube will conduct continuously because 
of zero bias, and its plate and screen voltages will be low. 
Furthermore, if resistor 87 snould open, there will be no 
voltaye at either screen yrid, and both tubes will be cut off. 

Note that, if a plate load resistor (RS or R6) should open, 
the multivibrator oscillatory circuit (control and screen 4rids) 
may function normally, but no cutout waveform will be ob- 
tained from the tube associzted with the oven plate-load 
resistor, 

Incorrect Frequency or Pulse Width, The critical com- 
ponents yoverniny the frequency and aulse width of tne 
imultivibrator are those in the coupling circuits. Any change 
in components yoverning the A-v discharye tisie constant 
will directly affect frequency ond pulse width; a change in 
Capacitor Cl or C2 of resistor .31 or 2 will have the greatest 
effect. A chanye in the value of scteen resistor 3 or A4 or 
drooping resistor .37 will also have an effect upon the 
frequency and pulse width, but not nearly as much as the 
coupling components mentioned above. 

In a oractical circuit, where the multivibrator is free 
tunniny and is not synchronized fron an external source, 
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means may be ced to adjust the anplied screen voltaye 
or to adjust the value of resistance in e ontrol-yrid 
circuit. [his provision enables the circuit to be adjusted 
correct frequency and oulse widtn and comnensates 
for differences in individual tube characteristics when a 
tube Suvstitution has been made. 

Reduced Output. A reduction in output amplitude is 
yenerslly caused by a defective tube; however, it can also 
be caused by a decrease in the applied plate voltage or an 
increase in the resistance of the associated plate-load 
fesistor (125 or (35). A similar condition can also result 
fron 3 chanye in the value of the cnolied screen voltage; 
however, in tnis case the multivibrator frequency -vill oro~ 
vably be affected before a noticeable chanye in outout sccurs, 

If either output couolin; capacitor (C3 or C4) should 
vecome leaky or shorted, the input resistor of the following 
stage can form a voltaye divider which aso includes the 
associate? olate-load resistor (R5 or #5), If the input 
resistor of the following staye is returned to yround or to 
a neyative potential, voltaye-divider action my reduce the 
voltaye availasle at the plate of the multivivrator and re- 
duce the amplitude of the output waveforin; also, the ai- 
ditional current throuyh the olate-load resistor (5 or 36) 
may Cause the resistor to burn out. Furtherinore, the oper- 
ation of the following stage may also be affected by the 
chanye in yrid-bias voltaye resultinyy from the voltaye- 
divider action. 


TRIODE CATHODE-COUPLED ASTABLE MULTIVI- 
BRATOR. 


APPLICATION, 

The triode cathode-coupled astable multivibrator pro- 
duces a square- or rectangular-wave output for use as 
trigger or timing culses. 


CHARACTERISTICS. 

Free-running oscillator; does not require trigger pulse 
to produce oscillations. 

Operating frequency is determined primarily by the 
R-C time constant in the grid circuit and by the applied 
voltage. 

Frequency stability is rather poor when unsychroniz- 
ed; however, stability is good when synchronized by an 
external timing pulse. 

Circuit may be synchronized at the timing-pulse 
frequency or integral submultiples thereof. 

Either a symmetrical square- or rectangular-wave output 
of an unsymmetrical output may be produced by changing 
circuit constants or voltages. 

Output impedance is essentially equal to plate-load 


impedance. 


CIRCUIT ANALYSIS. 

General. The triode cathode-coupled astcble multivi- 
brator is functionally similar to the basic Triode Plate-to- 
Grid-Coupled Astable Multivibrctor discussed at the begin- 
ning of Section 8 of this Handbook. R-C coupling is provided 


BAG 
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from the plate of V1 to the grid of V2, as in the basic 
plate-to-grid-coupled circuit, but in this instance the 
coupling from V2 to V2 is direct, being affected in the 
cathode circuit through a common cathode resistor; the 
R-C coupling (in the basic circuit) from the plate of V2 to 


gheopierah UY t= (eevehane cottead oe 
te yria of Vi, iS theretore, omitted. A v 


of this 
cathode-coupled circuit uses separate cathode dias resis- 
tors, with V2 coupied to Vi through a capacitor rather than 
directly, Output signals can be taken from the plate of 
either or both electron tubes, as in the basic plate-to-qrid- 
coupled circuit configuration. 

Cirewit Operotion, The accompanying circuit schematic 
illustrates two triode electron tubes in a basic cathode- 
coupted astable (reeru 
ing ditect coupling in the cathode circuit. Electron tubes 
V1 and V2 are identicul-type triode tubes; although the 
schematic illustrates separate triodes, ¢ twin-triode is 
frequeritly used in this circuit. Capacitor Cl provides the 
coupling from the plate of V1 to the grid of V2. Resistors 
Rl and R2 ore the grid resistors of V] cnd V2, respective- 
ly; resistors R3 and R4 are the plate-load resistors of V1 
and V2, respectively. Resistor R5 is the common cathode- 
coupling and bias resistor coupling V2 to V1. 


ng} multivibrator circuit empioy- 


Triode Cathode-Coupled Astable Multivibrator 
{Direct Caupling) 


Capacitors C2 and C3 are the output coupling capacitors 
for Vl and V2, respectively. 


Capacitor Cl and resistor HZ t 
ie 


time constant in the ari 
The initigi charge path tor capacitor U1 18 1fom its ieit 


side through Vi clate-logd resistor R3 and the siete supply 
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voltage to ground, then through cathode resistor R5 and 
the low (approximately 1K) cathode-to-grid conduction 
tesistance of V2 te the right side of Cl, as illustrated by 
ine path in part A of the following simp 
schematic diagram. When the conduction through V2 de- 
of ¥2 no longer draws current, the 


fied 


the solid. 
iE SOL. 


charge path for CL 


cs dr 
as illustrated by the dotted-line pathe in the same diagram. 
For all practical purposes, Cl charge completely during 
the time that V2 conducts; the amount of charge via R2 is 
negligible. Part B of the diagram shows the discharge 
path for capacitor Cl to be through grid resistor R2, 
common cathode resistor R5, and the iow cathode-to~ 


+Ebp 
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rs 
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CHARGE PATHS 
vt v2 
cr 
R5 | Re 
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B 


DISCHARGE PATH 


pute conduction résistunce of V2. Y 
the charge patn and tne cutoff voitage ievel ot V1 de- 


f time that V1 is cutoff; the time con- 


nine the Length 
3 of the discharge path and the cutoff voltage level! of 
V2 determine the length ot time that VZ is cutoff. 

If the time constants for the charge and discharge of Ci 
are equal, a symmetrical square-wave output is produced 
by the circuit; by meking the charge and discharge R-C 
the circuit produces an asym- 


ai, rectenguicr-wave output. 
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Although the conduction resistance of V1 andthe resistance 
of cathode resistor RS are in the discharge path, their resis- 
tance value is small cs compared with that of 22, and are, 
therefore, neglected in the discharge path time-constant 
calculations. 

For the following discussion or circuit operation, 
refer to the preceding illustrations in addition to the 
accompanying illustration which shows the theoretical 
waveforms for a symmetrical triode cathode-ccupled astable 
multivibrator employing direct coupling between the 
cathodes. When voltage is first applied, the grids of both 
tubes are at zero bias and plate current begins to flow 
through plate-load resistors R3 and R4. When voltage is 
applied to the plate of V1, capacitor Cl begins to charge 
along the path previously outlined. As Cl charges, the 
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Theoretical Waveforms for Symmetrical Cathode- 
Coupled Astable Multivibrator (Direct Coupling) 


grid of V2 becomes positive. Since there is no coupling 
capacitor from the plate of V2 to the grid of V1, the voltage 
at the plate of V2 has no effect on the conduction of V1. 
The plate current of V2 flowing through cathode resistor 
FS makes the voltage at the top of the resistor positive with 
respect to ground. This voltage is a bias voltage os suf- 
ficient amplitude to cut off conduction of V1 and still 
permit V2 to conduct, since at this time the grid of Vi is 

at ground (zero volts) and the grid of V2 is ata positive 
potential. Thus, the initial conditions of circuit operation 
are established; that is, V2 is conducting and V1 is cut 
off. 
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The foregoinc multivibrator action is summarized at 


time t, (start of time interval a) on the waveform illustration, 


Note that the grid cf V2 (eq,) is driven positive, causing 
heavy conduction through this tube. At the same instant, 
the plate voltage of V2 (ep,) decreases (is negative-going) 
as a result of plete current through clate-load resistor Rd. 
Also, the same plate current, flowing through common 
cathode resistor RS, produces a positive voltage (ek) which 
provides o bias sufficient to cut off Vl and cause the 

plate voltage (ep,) of this tube to approach B+. The 
positive-going voltage at the plate of V1 is instantaneously 
coupled through cepucitor Cl to the grid of V2, driving 

this grid still further positive. All of the action described 
is instantaneous and cumulative, so thet the high 

positive potential on the grid of V2 causes this 

tube to conduct heavily while V1 is cut off. 

With V1 cut off, its plate voltage is at B+, and 
capacitor Cl charges toward this value. The waveform at 
the plate of V1 (ep,) is rounded off, and the waveform ct 
the grid cf V2 (eg,) has a small positive spike of the same 
time duration as a result of the charging of capacitor Cl. 
Since at this time V2 is conducting, its plate voltage 
(ep,) drops. Note that the plate-voltage waveform has a 
small negutive spike of the same time duration as the 
positive spike on the grid waveform. 

As capacitor Cl charges, electrons are accumulated 
on its right side; this accumulation of electrons is a 
negative charge which acts in opposition to the positive 
potential on the grid of V2, in etfect causing this potential 
to decrease from its most positive excursion. This is 
illustrated during time interval a (between to and ti), 3 
the rapid charging of Ci is represented by the steep 
portion of the V2 grid voltage (eg,) waveform. Note that 
during the rapid charge time of Cl the vositive voltage on 
the grid of V2 decrecses until, at t,, it is equal to the 
voltage (ek) across common cathode resistor RS. At this 
instant the grid of V2 ceases to draw current. However, 
Cl continues to charge, but at a slower rate through grid 
tesistor R2, which is much lerger in value then the total 
resistance in the '’fast’' charge path. This change in the 
R-C time constants of the charging paths of Cl accounts 
for the abrupt change in the voltage waveforms at t,. 

During time interval b (from t, to t,), capacitor Cl con- 
tinues to charge slowly and the grid voltage of V2 de- 
creases slowly; this causes a reduction in the plate cur- 
rent of V2, which results in a decreasing voltage drop 
actoss common cathode resistor RS. Tais acticn continues 
until the voltage drop acrcss resistor R5 decreases to the 
level where tube V1 is no longer held below cutoff. In 
other words, since the bias on tube V1 is determined by 
the ccthode voltage (ek), Vl remains cut off so long as the 
cathode voltage is pasitive with respect to ground by more 
than the cutoff voltage (bias) of V1. When the cathode 
voltage drops to the level of the V1 cutoff voltage, as at 
t, on the cathode voltage (ek) waveform, V1 conducts and 
rapidly cuts off V2 Lecause the large negative-going 
signal at its plate is coupled through capacitor Cl to the 
grid of V2. Thus, the first switching action occurs; that 


is, V2 is cutoff and V1 is co: 


Te 
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When tube V1 is conducting, capacitor Cl discharges 
through grid resistor R2, common cathode resistor RS, and 

the plate resistance of Vl. The grid voltage of V2 
approaches cutoff as capacitor Cl discharaes; this is 
illustrated by the V2 grid voltage (eg,) waveform during 
time interval ¢ (between t, and tJ. Att, the grid voltage 
of V2 just reaches the cutoff jievel, permitting this tube to 
conduct. When the plate current of V2 increases, the 
voltage across commm cathode resistor R5 (waveform ek) 
also increases (goes positive); this increases the bias on 
Vl and thereby reduces the conduction of Vi. The de- 
cteasing plate current of V1 produces a positive-qoina 
signal across its plate-load resistor, R3, which, in turn, is 
coupled through capacitor C1 to the grid of V2, causing 
this grid tc become highly positive. in addition to ine 
creasing the plate current of V2, the positive grid voltage 
again causes grid current flow and charges capacitor Ci. 
Thus, the second switching action occurs and the cycle 
is now complete as the initial conditions once again are 
reached; that is, V2 is conducting and V1 is cutoff. 

In the preceding discussion the multivibrator was con- 
sidered to be a symmetrical type; that is, the periods for 
conduction and cutoff of the tubes ore equal. An asym- 
metrical, or unbalanced, output can be obtained by having 
V2 cutoff for a longer period than V1. Adjusting the value 
of the cathode resistance will permit this to happen, since 
it is the bias voltage developed across the common cathode 
resistor that determines when V1 begins conduction. In this 
case, the combined time intervals of a and b will be less 
than time interval «. 

Another configuration of a triode cathode-coupled 
astoble multivibrator is the circuit shown in the accompany- 
ing schematic diagram. This circuit is identical to the 
basic common-cathode-resistor-coupled circuit just dis- 
cussed, except that the feedback from V2 to V1 now is by 
capacitive coupling through C4 between the two cathodes. 
Although the sume switching action occurs between the 
two tubes and the cutoff time of V2 is still determined by 
the discharging of capacitor C1 through grid resistor R2, the 
cutoff time of Vl in this instance is determined by the 
charging of capacitor C4 through its cathode resistor, R5. 
{Note that this circuit differs from the basic common- 
cathode- resistor-coupled multivibrator in that, in addition 
to capacitive coupling between cathodes, separate cathode 
tesistors are used.) 

The charge and discharge paths for capacitors Cl and 
C4 are depicted in the following iilustration. Note that 
capacitor Ci (parts A and B of the illustration) the peths 
are the same as in the direct-coupled circuit just discussed, 
except that the cathode resistor through which capacitor 
Cl now charges initially is R6. The charge path for 
capacitor C4 {part C of the illustration} is trom its right 
side through the low cathode-to-plate conduction resistance 
of V2, plate-load resistor R4, and the plate-supply voltage 
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Trisde Cathode-Coupled Astoble 
Multivibrator (Capacitive Coupling) 


to ground, then through V1 cathode resistor RS to its left 
side. Part D of the illustration shows the discharge path 
for capacitor C4 to be from its left side through the low 
cathode-to-plate conduction resistance of V1, plate-load 
tesistor R3, and the plate-supply voltage to ground, then 
through V2 cathode resistor R6 to its right side. 
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A. CAPACITOR Cl CHARGE PATHS 


t+Epp 


R4 


vi v2, 


C. CAPACITOR C4 CHARGE PATH 


Charge and Discharge Paths for Copacitors C!? and 
C4 of Capacitive-Coupled Multivibrator 


The free-running frequency of the output signal is 
determined primarily by the values of R-C time constants 
R2-Cl in the grid of V2 and RS-C4 in the cathode circuit, 
and by the value of the applied voltage. The symmetry of 
the square-wave output signals depends upon the degree of 
balance between the two tubes and their associated circuit 
components. 

Consider now the operation of the astable multivibrator 
being discussed. When voltage is first applied to the cir- 
cuit, the grids of both tubes are at zero bias, and plate 
current begins to flow through plate-load resistors R3 and 
R4, Also, capacitor Cl begins to charge by drawing grid 
current through resistor R2 and tube V2, making the grid of 
this tube positive. The plate current of V2 flowing through 
cathode resistor R6 makes the voltage at the top of the 
resistor more positive with respect to ground. This posi- 
tive voltage swing is coupled through capacitor C4 to the 
cathode of V1, where it acts as a bias voltage to hold V1 
cutoff. At this instant, capacitor C4 begins charging 
through resistor R5S toward the positive voltage at the top 
of resistor R6. The positive voltage at the top of RS holds 
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vi v2 


R2 
RS. 


B. CAPACITOR Cl DISCHARGE PATH 
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D. CAPACITOR C4 DISCHARGE PATH 


Vi cut off until C4 reaches the approximate potential across 
R6. At this time, the decrease in current through R5 de- 
creases the bias on V1 and allows it to conduct, thereby 
causing the multivibrator switching action. That is, con- 
duction of Vl causes the voltege at the V1 plote to de 
ctease, and this negative-going voltage is coupled through 
capacitor Cl to the grid of V2, where it drives the grid 
negative and cuts off V2. 

When V2 is cutoff, capacitor Cl discharges through 
R2, R5, and Vi. Also, the voltage on the cathode of V2 
decreases (becomes less positive); this negative going 
voltage is coupled through capacitor C4 to the cathode of 
V1. Since V1 is already conducting the negative-going 
signal merely aids its conduction. However, the plate 
current of V1 flowing through cothode resistor R5 produces 
d positive voltage at the top of this resistor. Capacitor C4 
now discharges through V1, plate-load resistor R3, and 
cathode resistor R6. As capacitor C4 discharges, the 
voltage at the top of resistor R6 decreases (becomes less 
positive) because of the accumulation of electrons on the 
tight side of capacitor C4. When the combination of the 
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voltage on the grid of V2 (becoming less negative as 
capacitor Cl discharges through resistor R2) and the vol- 
tage on its cathade (becoming less positive as capacitor 
C4 discharges through resistor R6) decreases sufficiently, 
¥2 again conducts. The switching action repeats continuous- 
ly with first one tube and then the other tube conducting. 

The output of the multiviblutur is iuxen fron either 
or both plate circurts through output coupling capacitor 
C2 or C3. In cases where it is desired to minimize the 
effect of varying load impedance on the frequency stability 
of the multivibrator, a cathode follower is used for 
stability. 

The triode cathode- coupled astable multivibrator, like 
the plate-to-grid-coupled type, may be synchr ‘onized with 
Stable exter 
vibrator action to be exactly the same as that of the 
synchronizing source, The frequency of the synchronizing 
signal must be slightly tigher than the natural operating 
frequency of the multiviprater so that the synchronizing 
pulse occurs just urior to the time that normal switching 
action would occur, 


source to force the period of tho multi 


FAILURE ANALYSIS. 

No Outpus, Assuming that the multivibrator is a free- 
running type and no synchronizing signals are applied, 
the plate and filament voltages should be measured to de- 
termine whether they are within the specified values. 

If coupling capacitor Cl should become leaky or shorted, 
a positive potential will be present on the grid of V2 and, 


as a rosult, tube V2 will c 


wduct heavily; Vi will remain 
cutoti because of the high positive potential (bias) on its 
cothode as a result of tne heavy conduction of V2, Tf the 
circuit does not oscillate, measure the voltaqe ot each 
plate to determine whether plate-load resistor 83 or R4 is 
open. If either resistor is open, there will be ne voltage 
on the associated plate; also, the other tube will conduct 
heavily ond, as a result of the heavy conduction, its plate 
voltage will be low. 

In the common-cathode-resistor-coupled circuit con- 
figuration, if cathode resistor Rb were to open there would 
be no output because neither tube would conduct, and the 
plate voltage of both tubes would be at B+. In the 
capacitive-coupied-catnode circuit contiguration, it cathode 
resistor R5 or R6 were to open only the associated tube 
(Vi or V2, respectively) would not conduct. It coupling 
NO Teedlaicn iui 


‘or Cl were ta open there woud be 
u 


V2 to Vi, and thus no output f 


Inc {hus nS Sutput 


Reduced Outpur. A veduction in the outuut ainplitude 
used by a deictive tube; however, it can 


ShoG be Cuuscd Uy & decTeuse 


he dpaied plule voltage 
@ an increase in the resistance of the associated plate 
load resist either Output Coupi 
Clo 63 


tor Of the toliowing stage can form a voltaqe divider 
algo includes the associated plate-load resistor, 
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the operation of the following stage may also be affected by 
the change in grid-bias voltage resulting from the veltage- 
divider action. 

Incorrect Frequency or Pulse Width. The critical 
components governing the frequency and pulse width of 
the multivibrator are those in the ceupling circuits. Any 
change in the components governing the grid cr cathode 
R-C time constants directly affect the frequency and 
pulse width; a change in the R-C combinations of R2-CL 
ot RS-C4 will have the greatest effect. A change in the 
value of plate-load resistor R3 or R4 will affect the ampli- 
tude of the output; it will also have an effect on the fre- 
quency, but not nearly so much as the components mentioned 
above. 

Ti tue plulersupply vultuge, tee, should chunge approx- 
imately 10 percent from. 
quency wil: generally occur; sune frequency drift may 
occur if the filament voltage should aron below the specitiod 
value. 

in a practical circuit, where tne multivibrator is free 
tunning and not synchronized from an external source, a 
variable resistor may be provided to ag]use the applied 
plate voltage or te adjust the value cf resistance in eack 
yrid circuit. This provision enables the multivibrator to 
he adjusted to the correct frequency and pulse width, and 
permits adjustment to compensate for differences in in- 
dividual tube characteristics when a tube substitution is 
made. 

If either output coupling capacitor (C2 or C3) should 
become leaky or shorted, the voltage-divider action which 
can occur may reduce the amplitude of the output waveform 
and cause the multivibrator to eperate at a hiqher frequency, 

since the grid capacitor (C1) cischarge time is dependent 
upon the amount of change in capacitor voltage. 


specified value, o drift 


BISTABLE (START-STOP) MUL TIVIBRATORS. 


The term bistable multivibrator refers to one class ot 
multivibrator or relaxation oscillator circuits that can fune- 
tion in either of two stable states andis capable of switch- 
ing rapidly from one stable state to the other upon the ap- 
plication of a trigger pulse. In the strict sense of the word, 
the bistable multivibrator is not an oscillator; rather, it is 
acircuit having two conditions af stable (bistable) equili 
brium and requiring wo mpur ttiqgers 19 complete 9 single 
cycle. Tue operation of the pistaple multiviprator 
pencent upon the tuning-control action involved in 
transier of conduction from one tube to the other, initiated 
by Un input inigger pulsé Gt proper poiurity dna sutticient 
amplitude. pete there is c sudden fevers (or 'flap- 


'"} from oF sta f, the bistable 


2 


tivipratcr is frequently referred 10 45 @ flip-flop circuit. 
The bistable multivibrator produces an output pulse, 
more commonly called a ‘‘gute’’, having fast rise and fall 
times and extreme flatness o: To generate this type 
circuit requires one Uiyger pulse for 


Hacc 
turn-on te ee and another trigner oulse for turn-off (stow), 


itus generating a "step" function for each input triager. 


L9QeT pulse aie Of Conoiuni hequciiey whi UL 
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generated are wide. On theother hand, when the trigger 
pulses are of constant frequency and are applied at short 
time intervals (high frequency), the gates generated are 
narrow. In all cases, however, two input trigger pulses are 
tequired to complete one cycle of operation, resulting in an 
output gate frequency one-half thet of the input trigger fre- 
quency. 

Although the turn-on and turn-off input trigger pulses 
(which can be applied from different sources as well) can be 
of either positive or negative polarity, a negative trigger is 
preferred. A reason for this requirement is that if a tube 
is biased far beyond cutoff, a high-amplitude positive pulse 
is required to drive the tube from cut off into conduction. 
On the other hand, a low-amplitude negative pulse will 
immediately cut off conduction of a tube. In addition, the 
circuit used to generate a low-amplitude pulse requires less 
power, 

The rectangular-gate output of the bistable multivibrator 
can be either positive or negative in polarity. Each gate 
is formed by the combination of positive and negative 
step functions produced by turning the multivibrator on and 
off. The negative-going step is inherently faster (0.7 mi- 
crosecond) than the positive-going step (2.5 microseconds). 
When connecting other circuits to the bistable multivibrator 
output, precautions should be taken so as to prevent the 
shunting capacitance from causing undersirable effects on 
the rise and fall times of the step function. 


TRIODE ECCLES-JORDAN (FLIP-FLOP) MULTIVI- 
BRATOR. 


APPLICATION, 

The triode Eccles-Jordan (flip-flop) multivibrator pro- 
duces a square- or rectangular-wave output for use as 
gating or timing signals, or for on-off switching operations 
in binary counter circuits. 


CHARACTERISTICS. 

Circuit assumes one of two stable states: one tube 
normally conducting with the other tube normally cut off, 
and vice versa. 

Requires two input triggers to complete one cycle of 
operdtion; the circuit assumes a stable state upon comple- 
tion of each half-cycle of operation. 

For a constant-frequency input, the output frequency is 
one-half that of the input trigger frequency. 

Input triggers can be either positive or negative; posi- 
tive trigger affects normally cut-off tube, and negative 
trigger affects normally conducting tube. 

Symmetrical triggering occurs when the same trigger 
pulse is applied simultaneously; unsymmetrical triggering 
occurs when triggers are applied separately. 

Symmetrical or unsymmetrical output gate depends on 
timing sequence of input trigger pulses; input triggers 
from different sources (turn-on and turn-off triggers) pro- 
duce unsymmetrical gate output. 

Plate-to-grid feedback coupling is direct (through resis- 
tors), with bypass capacitors used to speed up switching 
from one stable state to the other. 
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Circuit can be made to assume the same stable state 
whenever voltages are applied by incorporating o definite 
imbalance within the circuit or by using a manually con- 
trolled ‘teset’’ signal. 

Tubes con be gtid-biased by connecting to negative 
supply, ot cathode-biased by connecting cathedes through 
voltage divider to positive supply. 


CIRCUIT ANALYSIS. 

General. The triode Eccles-Jordan (flip-flop) multi- 
vibrator is capable of producing a square or rectanqular- 
wave output pulse (gate) in response to two input triggers. 
This type of multivibrator has two stable (bistable) states — 
one tube is normally conducting while the other tube is 
normally held cut off — and will function for only one-half 
cycle upon the application of an input trigger. Feedback 
from the plate of one tube to the grid of the other is direct 
through a coupling resistor bypassed with a capacitor, whose 
function is to reduce or eliminate the effects of tube inter- 
electrode capacitance. Because two input triggers (tum- 
on and tum-off) are required to complete one cycle of opera- 
tion, the output-gate frequency of the bistable multivibrator 
is one-half the input trigger frequency. The output gate 
length is determined by the time interval of the turn-on and 
turn-off input trigger. Output signals can be taken from the 
plate of either or both electron tubes. 

Circuit Operotion, The accompanying circuit schematic 
illustrates two triode electron tubes in the basic Eccles- 
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Jordan multivibrator circuit. Electron tubes V1 and V2 are 
identical-type triode tubes; although the accompanying 
schematic illustrates two separate triodes, a twin-triode is 
frequently used in this circuit. Resistors Rl and R2 are 
the grid resistors for V1 and V2, respectively. Resistor R3 


provides the direct coupling from the plate of V1 to the arid 
provides the direct coupling from the plate Vito the grid 


of V2, and resistor R4 provides the direct coupling from the 
plate of V2 to the grid of V1. Feedback resistors R3 and 
R4 are bypassed with capacitors C3 and C4, respectively. 
These capacitors permit faster switching action from one 
tube to the other by reducing the effects of tube inter- 
electrode capacitance. Resistors R5 and R6 are the plate: 
load resistors for Vl and V2, respectively. Capacitors 
Ci and (2 ore the inputetrigger coupling capacitors tor Vi 
and V2, respectively; they provide symmetrical triggering. 
Capacitors C6 and C7 are the output-gate coupling cae 
pacitors for V1 and V2, respectively. Operating bias for 
this bistable muitivibrator, which is cathode-biased, is 
determined by the combination of the vathode and respective 
grid circuit voltage dividers. The cathode circuit voltage 
divider consists of common cathode resister R7, bypassed 
with capacitor CS, and resistor R8; the voltage divider for 
the grid circuit of V1 consists of resistors Rl, R4, and R6, 
and the voltage divider for the grid circuit of V2 consists 
of resistors R2, R3, and RS. 

Consider now the operation of the triode Eccles-Jordan 
(flip-flop) multivibrator by referring to the preceding cir- 
cuit illustration ond the accompanying illustration of the 


idealized theoretical waveforms. Alao, in arder to more 


eter: 


fully analyze the timing sequence, assume that the circuit 


arama (ot : te 's 
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under consideration is for a radar application wherein it is 
desirable to have the gate length controlled by the display 
circuit. Thus, the radar sweep circuit provides the turn- 
off trigger io return the wiultivibrator to its initial stable 
state. 


When voltage is first applied to the uit, there is 

a slight conduction through both tubes. Because oi the in- 
herent imbalance cf the circuit, however, one tube will 
conduct slightly more than the other. For example, if in- 
itially the current through V1 should be slightly greater 
than that through V2, the voltage drop across plate-load 
resistor RS will be greater than the drop across plate-load 
resistor R6. This results in a lower plate voltage for V1, 


S applied through resi 


plied 


H$ to the grid of V2, thus 


causing the voltage at this grid to become more Baaaive 
ane eainee the current through V2, When the plate current 
lstouuh V2 is reduced, the current through plate-load resistor 
R6 lixewise is reduced; therefore, the voltage drop across 
resistor R6 decreases, resulting in a rise in the plate volt- 
age at V2. The positive-going plate voltage of V2 is applied 
throush resistor R4 to the grid of V1, making this qrid more 
positive. The teqenerative action just described continues 
rapidly until V2 is cut off and V1 is at maximum conduction. 
Thus, the circuit is in one ot its two stable states of 
equilibrium, as represented by time intervai o on the wave- 
form illustration. Note that the output at the plate of V1 is 
at its most negative excursion (V1 is conducting) while 
the output at the plate of V2 is positive (V2 is cut off). 

ce th al R-C time constant timing circuit 
to drive the nonconducting tube out of cutoff, the circuit 
remains in this stable condition until an input triqger pulse 
is applied. 

Assume now that a negetive trigger pulse of sufficient 
amplitude is applied simultaneously to both grids through 
inbut capacitors Cl und C2. This trigger pulse, which is 


the turn-on input trigger from the radar timing circuits, 


is applied at t, as illustrated on the waveform diagram. 
Because V2 is already cut off, the input trigger has little 
effect on this tube; however, the same negative triqger 
pulse drives the qrid of V1, below cutoff, causing this 
normally conducting tube to decrease conduction. As soon 


as Vi reauces conauction, its plate voltage rises toward 
the olate-supply voltaae, +Ebb. The positive-qoing signal 
at the plate of Vi is now coupled through resistor K3 and 


o pluie, aid Vi 


rator remains in this condition, 


neuviv, gS indicated & 
is cutotf. The multivi 


Widen is dis e ec oftie ds Jepctes by 
terval b, untal nother trigger is applied. 


Were thie desir 


tye duration 


tums the multivi brator to its original 
vt onducting and V2 is cut off. 


unl undiner weguiive Liuuer dn the cadar Cota Circuits 
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Close examination of the waveform illustration reveals 
that the length of the output gates is determined by the 
time interval between the tum-on and turn-off triggers. If 
the frequency of the turn-off trigger is made lower, the 
time interval between the triggers will increase; hence, 
the qate length will likewise increase. Conversely, the 
gate length will drecrease if the turn-off trigger frequency 
is increased. Thus, the bistable multivibrator provides a 
positive or neqative gate output in response to a timing 
(turn-on) input trigger pulse, with the gate being terminated 
by a turn-off trigger pulse. If a single constant-frequency 
trigger is used for both the turn-on and turn-off functions, 
the circuit will produce a symmetrical square-wave output 
having a frequency one-half that of the input-triqger fre 
quency- 

In the symmetrical-input bistable multivibrator being 
considered, positive input triqger pulses of sufficient 
amplitude can also be used to initiate the switching action 
between tubes V1] and V2. When the positive triqger pulse 
is applied simultaneously to the grids of the tubes, there 
will be no effect on the operation of the conducting tube. 
However, the plate current of the cut-off tube will be in- 
creased, causing its plate voltage to fall. The fall in 
plate voltage, when coupled to the grid of the conducting 
tube, drives this tube into cutoff. 

Although it is true that either neqative or positive in- 
put trigger pulses can cause the switching action to occur, 
triggering with negative pulses is preferred. For example, 
if the cut-off tube is biased with a high negative potential, 
a high-amplitude positive pulse is required to drive the 
tube into conduction, and only the most positive portion of 
the pulse has any effect. On the other hand, a low-amplitude 
negative pulse applied to the conducting tube immediately 
drives this tube into cutoff, causing an instantaneous 
switching action. 


FAILURE ANALYSIS. 

No Output. The input trigger should be checked with 
an oscilloscope to determine whether it is being applied 
to the circuit and whether it is of the proper polarity and 
amplitude. Lack of an input trigger at the grid of V1 or V2 
can be due to an open coupling capacitor, Cl or C2, or to 
failure of the extemal input-trigger source. 

Failure of the plate voltage supply, + Ebb, will disrupt 
the operation of the circuit, as will an open cathode cir- 
cuit. With tubes (or a single twin-triode tube) installed in 
the circuit, the filament and plate voltages should be 
measured, as well as the bias voltage developed across the 
cathode resistance, to determine whether the applied volt- 
ages are within tolerance and whether plate-load resistor 
R5 or R6 and cathode-bias resistor R7 or R8 is open. If 
coupling resistor R3 or R4 is open there will be no feed- 
back signal to cause the multivibrator switching action. 

If bypass capacitor C3 or C4 is open feedback will still 
occur, but the interelectrode capacitonce of the tube may 
cause undesirable effects on the wavefront of the feedback 
signal. An open output coupling capacitor, C6 or C7, will 
prevent the output-gate signal from reaching the following 
stage. 
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Reduced Output. A reduction in output is qenerally 
caused by a defective tube; however, it can also be caused 

by a decrease in the applied plate voltage or an increase 
in the resistance of the associated plate-load resistor, 

R5 or R6. A leaky or shorted output coupling capacitor, 
C6 or C7, will form a voltage divider with the input resistor 
of the following stage. If the input resistor of this follow- 
ing Stage is returned to ground or tc a negative supply, the 
voltage at the plate of both V1 and V2 will be reduced, and 
the operation of the following stage will be upset by the 
change in voltage applied to its grid. Also, the additional 
current through plate-load resistor RS or R6 may cause the 
tesistor to burn out. 

Incorrect Frequency or Gote Width. The triode Eccles- 
Jordan (flip-flop) multivibrator has no components goveming 
the frequency or width of its output-gate signal; these are 
both governed by the input triggers applied to the circuit. 
Therefore, any change in the output-gate frequency or width 
is a result of improper operation of the tum-on and/or turn- 
off trigger generating circuits. 


PENTODE ECCLES-JORDAN (FLIP-FLOP) MULTIVI- 
BRATOR. 


APPLICATION. 

The pentode Eccles-Jordan (flip-flop) multivibrator 
produces a square- or rectangular-wave output for use as 
gating or timing signals, or for on-off switching operations 
in binary counter circuits. 


CHARACTERISTICS. 

Circuit assumes one of two stable states: one tube 
normally conducting with the other tube normally cut off, 
and vice versa. 

Requires two input triggers to complete one cycle of 
operation; the circuit assumes a stable state upon comple- 
tion of each half-cycle of operation. 

For a constant-frequency input, the output frequency is 
one-half that of the input trigger frequency. 

Input triggers con be either positive or negative; posi- 
tive trigger affects normally cut-off tube, and negative 
trigger affects normally conducting tube. 

Symmetrical triggering occurs when the same triaqer 
pulse is applied simultaneously; unsymmetrical triggering 
occurs when triggers are applied separately. 

Symmetrical or unsymmetrical output gate depends on 
timing sequence of input trigger pulses; input triggers from 
different sources (turn-on and turn-off triggers) produce un- 
symmetrical gate output. 

Plate-to-suppressor grid feedback coupling is direct 
(through resistors), with bypass capacitors used to speed 
up switching from one stable state to the other. 

Circuit can be made to assume the same stable state 
whenever voltages are applied by incorporating a definite 
imbalance within the cireuit or by using a manually control- 
led “reset’! signal. 

Tubes can be grid-biased by connecting to negative 
supply, or cathode-biased by connecting cathodes through 
voltage divider to positive supply. 
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CIRCUIT ANALYSIS. tesistor RS provides direct-coupled feedback from the plate 
General, The pentode Eccles-Jordan (flip-flop) multi- of V2 to the suppressor grid of V1. Feedback resistors 
vibrator is capable of producing a square- or rectangular- R4 and R65 are bypassed with capacitors Cl end C2, respex 

wave output pulse (gate) in response te two input triggers. tively. '$ permit faster switching action 
The circuit has two stable (bistable) states — one tube is from one tube to the other by reducing the effects of tube 
normally conducting while the other tube 1s normally held interelectrode capacitances. Resistors R6 and R7 ar 
cutoff. Like the triode Fecles-Jordan multivibrator, dis- plate-load resistors for V1 ond V2, respectively; the s 
cussed earlier in this Section of the Handbook, the circuit qtids are tied directly to the supply voltage, +Ebb. Sup- 
operation is controlied by the application of an input trigger pressor grid voltage for V1 is obtained from a voltage 
pulse which causes the conduction to switch from one tube divider consisting of resistors R2, R5, and R7; suppressor 
to the other. Thus, the multivibrator will function for only grid voltage for V2 is obtained from a voltage divider con- 
one-half cycle upon the application of each input trigger. sisting of resistors R3, R4, ond R6. Capacitors C4 and 
Feedback from the plate of one tube to the suppressor arid C5 are the output coupling capacitors for Vi and V2, re 
ugha coushinerdsisicr bsacsed spectively. Operating bias for this Liviuble muliivibruiut, 
with a Capacitor, whose function is to reduce or eliminate which is cathode-biased, is obtained from a voltage divider 
the effects of tube interelectrode capacitance. consisting of common cathode resistor R8, bypassed with 
The feedback connection to the opposit suppressor arid, capacitor C3, and resistor R9, A comparison of the pentode 


tead/of the-control grid, “frecs the. contre! igtid- tor, appl: livibrar ais th 


ilivibrator circuits revedis their 


und meee Eccles-Jurdan 


tion of the triager pulses, Because two input triggers similarities ond differences. 
(tum-on and turn-off) are required to complete on cycle of Consider now the operation of the pentode Eccles-Jordan 
operation, the output-gate frequency of the bistable muiti- multivibrator by referring to the preceding circuit illustration. 
vibrator is one-half the input trigger frequency. The out- Since the output-gate waveforms of the pentode circuit are 
put gate length is determined by the time interval of the similar to those of the triode Eccles-Jordan multivibrator 
tum-off input triggers. Output signals can be taken from presented earlier in this Section of the Handbook, reference 
the plate of either or both electron tubes. to the triode circuit waveforms can be made for this pentode 
Circuit Operotion. The accompanying circuit schematic circuit as well. The waveforms are reproduced in the 
illustrates two pentode electron tubes in an Eccles-Jordan accompanying fiqure for convenience. 


bistable multivibrator configuration. Electron tubes V1] 
and V2 are identical sharp cutoff pentode-type tubes. ee iz ia ig tg 
Resistor Rl is ¢ common grid resistor for both tubes. Re Luas pa i 
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{Flip-Flop) Multivibrator 
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Muitivibrator 


CHANGE | 8-A-15 


ELECTRONIC CIRCUITS NAYSHIPS 

When voltage is first applied to the circuit, there is 
a slight conduction through both tubes. However, because 
of the inherent imbalance of the circuit, one tube will con- 
duct slightly more than the other. For example, if initially 
the current through V1 should be slightly qreater than that 
through V2, the voltage drop across plate-load resistor R6 
will be greater than the drop across plate-load resistor R7. 
This results in a lower plate voltage for V1, which is ap- 
plied through resistor R4 to the suppressor grid of V2. The 
negative-going signal on the V2 suppressor grid reduces 
the plate current of this tube, thus reducing the current 
through plate-load resistor R7 and causing a voltage rise at 
the plateof V2. This positive-qoing voltage is coupled 
through resistor R5 to the suppressor grid of V1, further 
increasing the plate current of V1. Suppressor grid current 
flows at a slight positive suppressor grid voltage, but de 
creases at a high positive suppressor grid voltage, such as 
when the positive-going signal is applied from the plate of 
V2. The plate current of V1 increases further, and a re- 
generative action occurs instantaneously to drive V1 into 
heavy conduction and V2 into cutoff. Thus, the multi- 
vibrator is in one of its stable states, as depicted during time 
interval ¢ in the waveform illustration referenced pre- 
viously. Since there is no intemal R-C time constant 
timing circuit to drive the nonconducting tube out of cutoff, 
the circuit remains in this stable state until a timing pulse 
is applied to the control grids to cause the switching action. 

Assume now that a negative trigger pulse of sufficient 
amplitude is applied simultaneously to both control arids. 
The trigger pulse, applied at t,, has little effect on the 
operation of V2 since this tube is already cut off. However, 
the same negative trigger drives the grid of V1 below cut- 
off, causing this tube to reduce conduction. As soon as 
V1 reduces conduction, its plate voltage rises toward the 
plate supply voltage, +Ebb. The positive-going signal at 
the plate of V1 is now coupled through resistor R4 and 
applied to the suppressor of V2 driving V2 into conduction. 
Thus, at instant t, a switching action occurs, with the re 
sult that V2 now becomes the conducting tube and V1 is cut 
off. Thus, the circuit is in the second of its two stable 
states, as depicted during time interval b. The multivibrator 
remains in the condition wherein V2 is conducting and V1 
is cut off until the next negative trigger pulse is applied 
to cause another switching action. 

When the desired gate duration is attained, the negative 
turn-off trigger is applied (at t,) and the gate is terminated. 
The negative-going tum-off trigger cuts off conduction of 
V2 and causes a switching action that retums the multi- 
vibrator to its original stable state wherein V1 is conduct- 
ing and V2 is cut off. The circuit remains in this condition 
(time interval e) until another negative trigger from the 
timing circuits, the tum-on trigger, is applied at t,. 

As in the triode Eccles-Jordan multivibrator, the length 
of the output gates of the pentode configuration is deter~ 
mined by the time interval between the tum-on and tum- 
off triggers. The gate length will increase if the tum-off 
trigger frequency is decreased; conversely, the gate length 
will decrease if the turn-off trigger frequency is increased. 


CHANGE } 


0967-000-0120 MULTIVIBRATORS 
If a single constant-frequency trigger is used for both the 
turn-on ond tum-off functions, the circuit will produce a 
symmetrical square-wave output having a frequency one-half 
that of the input-trigger frequency. 

Although positive trigger pulses could be used to ‘drive!’ 
the pentode Eccles-Jordan bistable multivibrator, neqative 
trigger pulses ore preferred; a small-~amplitude negative 
pulse when applied to the conducting tube will immediately 
drive this tube into cutoff to cause an instantameous switch- 
ing action. The output of the multivibrator is taken from 
either or both plate circuits through an output coupling 
capacitor (C4 or C5). A cathode follower should be used 
couple the positive gate output to a circuit that requires 
grid current, since the multivibrator may occasionally fail. 


FAILURE ANALYSIS. 

No Output. The input trigger should be checked with 
an oscilloscope to determine whether it is being applied 
to the circuit and whether it is of the proper polarity and 
amplitude. Lack of an input trigger at the grid of V1 or V2 
can be due to failure of the extemal input-triqger source or 
to the coupling from the trigger source to the multivibrator. 

Failure of the supply-voltage source, +Ebb, will disrupt 
the operation of the circuit, as will an open cathode cir- 
cuit. With tubes installed in the circuit, the filament, plate, 
screen gtid, and suppressor grid voltages should be meas~ 
ured, as well as the bias voltage developed ccross the 
cathode resistance, to determine whether the applied volt- 
ages are within tolerance and whether any of the respective 
electrode resistors are open (resistors R2 through R9). If 
coupling resistor R4 or RS is open, there wili be no feed- 
back signal to affect the multivibrator switching action; in 
addition, the d-c operating potential from the associated 
suppressor grid will be removed. If bypass capacitor C1 
or C2 is open, feedback will still occur, but the interelec- 
trode capacitance of the tube may cause undesirable effects 
on the wavefront of the feedback signal. An open output 
coupling capacitor, C6 or C7, will prevent the output-gate 
signal from teaching the following stage. 

Reduced Output. A reduction in output is generally 
caused by a defective tube; however, it can also be caused 
by a decrease in the applied voltage or an increase in the 
resistance of the associated plote-load resistor, R6 or R7. 
A leaky or shorted output coupling capacitor, C4 or C5, 
will tor.a a voltage divider with the input resistor of the 
following stage. If the input resistor of this following 
stage is retumed to ground or to a negative supply, the volt- 
age at the plate, screen grid, and suppressor grid of both V1 
and V2 will be reduced, and the operation of the following 
stage will be upset by the change in voltage applied to its 
grid. Also, the additional current through the resistors 
associated with the electrodes mentioned previously may 
cause the resistors to bum out. 

Incorrect Frequency ond Gate Width. The pentode 
Eccles-Jordan (flip-flop) multivibrator has no components 
governing the frequency or width of its output-gate signals; 
these are both govemed by the input triggers applied to the 
circuit. Therefore, any change in the output-gate fre- 
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quency or width is a result of improper operation of the turn- 
on and-or turn-off trigger generating circuits. 


MONOSTABLE (ONE-SHOT) MULTIVIBRATORS. 

The term monostable multivibrator refers to one class 
of multivibrator or relaxation oscillator circuits that function 
in a stable condition until the application of a trigger pulse. 
At this time the circuit switches rapidly and goes through 
one complete cycle of operation, after which it reverts to 
its original stable condition, in which it remains until 
the application of another trigger pulse. The monostable 
{or one-shot) multivibrotor is essentially a two-stage 
tesistance-capacitance-coupled amplifier, andant anoscillatar 
in the Strict sense ot the word, with one tube normally cut 
off and the other tube normally conducting. The one-shot 
multivibrator operates in much the same manner as the 
free-running, or astable, type discussed earlier in Section 
8 of this Handbook, except that this circuit requires an in- 
put trigger to initiate the multivibrator action and produce 
the output signal. 

The monostable multivibrator produces a square- or 
rectangular-wave output pulse, more commonly called a 
gate’, having fast rise and fall times and extreme flatness 
on top; the pulse is produced only in response to an input 
trigger. The output frequency is determined by the frequency 
of the input trigger, and the duration of the gate length is 
determined by the circuit design. The one-shot multivibrator 
com be used at pulse-repetition rates from zero to maximum 
which is determined by the gate length ond the R-C time 
constant of the circuit. A nominal range of gate time duro- 
tion is from 30 to 2500 microseconds, which will accommo- 
date tigger pulses in the range of 200 to 2000 pps. 

In applications requiring different gate lengths, the 
gate-determining components can be switched in value to 
produce the desired gate length! Also, the monostable 
multivibrator may supply both positive and negative gates 
to as many as four branches. A precaution is that the 
positive-gate output should not be applied to a circuit requir- 
ing grid current as the multivibrotor may occasionally fail; 
the use of a cathode follower or buffer circuit will eliminate 
this disadvantage. Because the monostable multivibrator 
is not well suited for controlling the gate length with a 
turn-off trigger pulse, a bistable multivibrator should be 
n this type of control is desired. 

Although the output from the monostable multiyibrator is 

ometimes differentiated to provide a pulse either at the 
steading edge or the trailing edge of the gate waveform, in 
most cases only the leading edge of the waveform must be 
extremely fast; the trailing edge is usually not used for 
critical timing epplications. A negative-going leading 
edge is used whenever possibie since such a gate can be 
obtained rather easily from any tube electrode except the 
cathode. In addition, a negative gate at the plate of a 


multivibrator tuhe will always he generated at a lower 


impedance than a positive gate at “the same plate. 
A fast Basitive soina leading edge can be obtained on 


wibratorcon! 
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coupling is provided to the control grid of the opposite tube. 
Even in this case, caution should be used to ensure that the 
value of the associated speed-up capacitor is just enough 
to match the input capacitance of the opposite tube; if the 
value of this capacitor is too large, the voltage rise on the 
plate will be delayed. An output gate with a fast positive 
going leading edge may be obtained from the plate of a 
cathode-coupled monostable multivibrator, since this cir 
cuit has a free plate not involved directly in the circuit 
multivibrator action. A fast positive-going leading edge 

at a decreased amplitude can be obtained at the cathode of 
the multivibrator tube that is normally cut off. 


TRIODE PLATE-TO-GRID-COUPLED MONOSTABLE 
MULTIVIBRATOR 


APPLICATION. 

The triode plate-to-qrid-coupled monostable multivibra- 
tor produces a square-wave or rectangular-wave output for 
use as gating or timing signals. 


CHARACTERISTICS. 

Circuit assumes a stable state in which one tube normally 
conducts and the other tube is normally cut off. 

Requires on input triqger to cause circuit operation; 
circuit retums to stable state upon completion of one cycle 
of operation. 

Input triqger can be either neqative or positive; neqative 
trigger affects tube that is normally conducting, and positive 
trigger affects tube that is normally cut off. 

Produces square-wave or rectangular-wave cutput gates 
of both pos:tive and negative polarity in response to an in= 
Put trigger. 

Output gate length is determined by R-C time constant 
in gtid circuit and by the applied voltage; output frequency 
is determined by input trigger frequency. 


CIRCUIT ANALYSIS. 

General. The triode plate-to-grid-coupled monostable 
ultivibrator is a two-stage resistance-capacitonce-coupled 
amplifier capable of producing a square-wave or rectanqular- 
wave output pulse (gate) in response to an input triqger. 
 monostable multivibrator has only one stable state, in 
y le the othe! $ 
nemolly cut off, and will function for only one complete 
cycle upon the application of the input trigger. To achieve 
the stable condition, the grid of the normally conducting 
tube is usually returned to B+, while the qrid of the tube 
that is normally cut off is retumed to ground or to a negative 
voltage source. Feedback from the plate of one tube to 
qrid of the opposite tube is through R-C coupling. Be- 
cause the monostable multivibrator operates for only one 
cycle in response to an input-trigger pulse, the output fre 


quency of this circ: 
7 


frequency; the output gate length is determined by the R-C 
time constant of the plate-to-qrid teedback network and the 
applied voltage. Output nals can be taken from the picte 


¢ donendent unon the innut trieqer 
© dependent upon the input triqcer 
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Circuit Operation. The accompanying circuit schematic 
illustrates two triode electron tubes in a plateto-grid- 
coupled monostable multivibrator configuration. Electron 
tubes V1 and V2 are identical-type triode tubes; although 
the accompanying schematic illustrates two separate tri- 
odes, a twin-triode is frequently used in this circuit. Ca 


tEbb 


{INPUT 
TRIGGER er 


Triode Plate-to-Grid-Couple. 
Monostable Multivibrator 


pacitor Cl provides coupling from the plate of V2 to the 

grid of V1, and capacitor C2 provides coupling from the plate 
of V1 to the grid of V2. Resistor R} returns the grid of V1 
to the negative voltage (bias) supply, -Ecc, and resistor 

R2 retums the grid of V2 to the positive voltage supply, 
+Ebb. Resistors R3 and Ré4 are the plate-load resistors 

for V1 and V2, respectively. Capacitors C3 and C4 are the 
output coupling capacitors for V1 and V2, respectively. 

The tube that is normally cut off is V1, and the tube that 

is normally conducting is V2. 

The following simplified schematic diagram illus- 
trates the charge and discharge paths for feedback ca- 
pacitor C2. The cutoff time of V2 is determined by the 
discharge of capacitor C2 through resistor R2 toward the 
positive voltage supply, +Ebb. Although the conduction 
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DISCHARGE PATH 
Charge and Discharge Paths for Capacitor C2 


resistance of V1] is included in the discharge path of C2, 

it is small as compared with the resistance of R2, and can 
therefore be neglected. The cutoff time of V1 is determined 
by the period of the input trigger pulse. If the R2-C2 time 
constant is made exactly one-half the period of the triqger 
pulse, the multivibrator produces a symmetrical square~ 
wave output; if the R2-C2 time constant is made longer or 
shorter than one-half the trigger. pulse period, an asymmetri- 
cal rectangular-wave output is produced. 

Consider now the operation of the triode plate-to-qrid- 
coupled monostable multivibrator by referring to the pre- 
ceding circuit illustrations and the accompanying illustra- 
tion of the idealized theoretical waveforms. When voltage is 
first applied, V2 goes into conduction and V1 cuts off. 

This action results from the fact that the qrid of V2 is 
returned through resistor R2 to a positive voltage, while 

the grid of V1 is returmed through resistor Rl to a negative 
voltage. Thus, at time ty (start of time interval a) on the 
waveform illustration, the grid voltage of V2 (eg,) is slight- 
ly positive, causing conduction through V2, and a decrease 
in its plate voltage {ep,). The negative-going voltage at the 
plate of V2 is coupled through capacitor Cl to the grid of 
V1, thus aiding in cutting off this tube (waveform €g,). Also, 
Qt te, coupling capacitor C2 charges through the lew cathode 
to-grid internal resistance of V2 (approximately 1K) and the 
V1 plate-load resistor, R3. The voltace at the plate of V1 
is represented by the ep, waveform. At ty, then, the plate- 
to-grid-ccupled monostable multivibrator assumes its 
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ELECTRONIC CIRCUITS NAYSHIPS 
by o decrease in the applied plate voltage or an increase 
in the resistance of the associated plate-load resistor, R3 
or R4. A leaky or shorted output coupling capacitor, C3 
or C4, will form a voltage divider with the input resistor 
of the following stage. In this input resistor is retumed to 
ground or to a negative voltage supply, the voltage at the 
plate of both V1] and V2 will be reduced, and the operation 
of the following stage will be upset by the change in volt- 
age applied to its grid. Also, the additional current through 
plate-load resistor R3 or R4 may cause the resistor to burn 
out. 

Incorrect Frequency or Gate Width. The plate-to-qrid- 
coupled monostable multivibrator has no components govem- 
ing the frequency of its output-gate signal; this frequency 
is governed by the input trigger applied to the circuit. 
Therefore, any change in the output-gate frequency is a 
result of improper operation of the trigger generating cir- 
cuits. A change in the output-gate width, however, will 
result if there is a change in the value of either resistor 
R2, capacitor C2, or the applied voltage. A change in the 
resistance or capacitance of the R2-C2 timing contro! 
circuit will have the greatest effect on the gate width; 
changes in the applied voltage will affect the gate width 
to a lesser degree. 


TRIODE COMMON-CATHODE-RESISTOR-COUPLED 
MONOSTABLE MULTIVIBRATOR. 


APPLICATION, 

The triode common-cathode-resistor-coupled monostable 
multivibrator produces a square-wave or rectanqular-wave 
output for use as gating or timing signals. 


CHARACTERISTICS. 

Circuit assumes a stable state, in which one tube normal- 
ly conducts and the other tube is normally cut off. 

Requires an input trigger to cause circuit operation; 
circuit returns to stable state upon completion of one cycle 
of operation. 

Input triqqer can be either negative or positive; neqative 
trigger affects tube that is normally conducting, and positive 
trigger affects tube that is normally cut off. 

Produces square-wave or rectangular-wave output gates 
of both positive and negative polarity in response to an 
input trigger. 

Output gate length is determined by R-C time constant 
in grid circuit and by the applied voltage; output frequency 
is determined by input trigger frequency. 


CIRCUIT ANALYSIS. 

General. The triode common-cathode-resistor-coupled 
monostable multivibrator is functionally similar to the 
Triode Plate-to-Grid-Coupled Monostable Muitivibrator 
discussed previously in Section 8 of this Handbook. The 
circuit has only one stable state, in which one tube normally 
conducts while the other tube is normally cut off, and will 
function for only one complete cycle upon the application 
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of an input trigger pulse. To achieve the stable condi- 
tion, the grid of the normally conducting tube is usually 
retumed to its cathode or to B+ while the grid of the tube 
that is normally cut off is returned to qround or to a neqative 
voltage (bias) supply. R-C coupling is provided from the 
plate of V1 to the grid of V2, but the coupling from V2 

to V1 is effected across a common cathode resistor. Be- 
cause the monostable multivibrator operates for only one 
cycle in response to an input trigger pulse, the output fre 
quency of this circuit is dependent upon the input trigger 
time constant of the grid circuit and by the applied volt- 
age. Output signals con be taken from the plate of either 
or both electron tubes. 

Circuit Operation. The accompanying circuit schematic 
illustrates two triode electron tubes in a common-cathode- 
resistor-coupled monostable multivibrator configuration. 
Electron tubes V1 and V2 ate identical-type triode tubes; 
although the accompanying schematic illustrates two sep- 
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arate triodes, a twin-triode is frequently used in this circuit. 
Capacitor Cl is the input coupling capacitor for application 
of a positive trigger to the grid of V1. Capacitor C2 pro- 
vides coupling from the plate of V1 to the arid of V2. Re 
sistor Rl returns the grid of V1 to ground, ond resistor 

R2 returns the grid of V2 to the common cathode connection. 
Resistors R3 and R4 are the plate-load resistors for V1 and 
V2, respectively. Resistor R5 is the common cathode bias 
and coupling resistor for coupling from V2 to V1. Ca- 
pacitors C3 and C4 are the output coupling capacitors for 


8-A-20 


2// 


ELECTRONIC CIRCUITS 


top 


NAVSHIPS 


8 


RiSCHARGE PATH 


ct d Bizchsrae 
Charge and Discharge F 


Vl and V2, respectively. The tube that is normaily cut 
off is V1, and the tube that is normally conducting is V2. 
The following simplified schematic diagram illustrates 
the charge and discharge paths for capacitor C2. The cut- 
aff time of V2 is determined by the discharge of capacitor 
C2 through resistor R2. Although the conduction resis- 
tance of V1 is included in the discharge path of C2, itis 
frequency; the output gate length is determined by the R-C 
small as compared with the resistance of R2, and can there- 
fore be neglected. The cutoff time of V1 is determined by 
the period of the input trigger pulse. If the R2-C2 time 
constant is made exactly one-half the period of the trigger 
pulse, the multivibrator produces a symmetrical square- 
wave Output; if the R2-C2 time constant is mede lenger or 


shorter than one-half the trigger pulse peried, an csymmetri- 
4 


cui rectangulur-wave vutyul is produce 
Consider now the operation of the triode comman-cathode- 
resiswi-coupied awnustable multivibistes dy 
the preceding circutt illustrations and the accompanying 
itlustrution of the idealized theoretical waveforms. When 


voltage is 23 inte con. 

off. This action results from the tact that the grid of VZ is 
returned through resistor R2 to the cathode, initially 
placing this grid at the same potential as the cathode, and 
thus allowing V2 to conduct heavily. The plate current flow 


makes ie volt- 
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ground, producing a bias voltage of sufficient amplitude to 
hold V1 cut off (since its grid is returned to ground through 
resistor RI), and still permit V2 to conduct. Thus, at time 
ty (start of time interval a) on the waveform illustration, 
the grid voltage of V2 (eq,) is slightly positive, causing 
conduction through V2: as a result, the plate voltage (ep,) 
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Theoretical Yaveforms for Triode Common-Cathode- 
Resistor-Coupled Monostable Multivib-atar 


of ¥2 decteases because cf plate current flow through plate- 
load resistor R4. Also, as a result of V2 plate current, 
there is a positive voltage (ex) developed acress common 
cathode resistor RS, which provides the bias to cut off V1, 
The positive-going voltage at the plate of V1 (ep,) is 
coupled through copacitor C2 to the arid of V2, driving the 
grid further po e, Also, at t, coupling capacitor C2 
charges through the low cathode-to-grid internal resistance 
ot V2 (oppruain ately IK) ond the plate-load resistor, R3, 
he commonsruthodetesistor-courled 
monostable multivibrator assumes its stable state, in which 
V2 vormally conducts aid V1 is normally cut off; the cir 
t femains in tnis condition until a trigger pulse is 


iqger pulse of sufficient 
use the tube to conduct is applied to the 
atid ot Vi througn coupling capacitor Ci, The effect of 
this trigger pulse (2 applied at t,) is to drive V1 into 
condui sction, thus causing am increase in current through: V1 


aot V1. 
going voltage is ssqpetied seen through ca- 
pacitor C2 to the grid of V2, driving the grid voltage of 


v2 feq,) bel: off, When the V2 slate current ceases, 
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the voltage drop (ek) across cathode resistor RS decreases 
to the level where it decreases the bias on V1, permitting 
this tube to conduct more heavily. Thus, at t,, a switching 
action occurs and the multivibrator is in a temporary’? 
stable state, in which V1 conducts and V2 is cut off. 

During this temporary stable state (time interval b), ca- 
pacitor C2 begins to discharge, causing the arid voltage of 
V2 {eq,) 10 become less negative. The discharge path of 
C2 is downward through grid resistor R2 and then upward 
through the low cathode-to-plate conduction resistance of 
Vi. At this time V1 alone is conducting; its plate current 
is limited by its own cathode bias, which is not sufficient 
to cut off V1. As the voltage (eq,) on the grid of V2 be 
comes less negative, because of the discharging of ca- 
pacitor C2, it soon reaches the point, at t,, where is is no 
longer of sufficient amplitude to hold V2 in cutoff. Con- 
sequently, V2 once again conducts, and the flow of V2 
plate current through common cathode resistor RS increases 
the voltage drop (ek) across this resistor, again increasing 
the bias of VI and reducing the flow of plate current through 
V1. As the conduction through V1 decreases, the plate volt- 
age (ep,) of V1 rises toward the potential of the positive 
voltage, supply, +Ebb. The positive-going signal at the 
plate of V1 is coupled through capacitor C2 to the grid of 
V2, driving this gtid positive (waveform eg,, ot t,). Thus, 
capacitor C2 stops discharging and again begins charging. 
The voltage waveform at the plate of V1 (ep,) is rounded 
off, and the voltage waveform at the grid of V2 (eg,) has a 
small positive spike of the same time duration, as a result 
of the charging of coupling capacitor C2 when V2 again 
conducts. The plate voltage waveform of V2 (ep,) has a small 
negative spike, and the voltage waveform across common 
cathode resistor RS (ek) has a small positive spike of the 
same time duration as the positive spike on the V2 arid 
voltage waveform (eg,}. Hence, at t,, the multivibrator 
Teverts to its original stable condition in which V2 conducts 
and V1 is cut off; the circuit remains in this condition 
{time interval ¢) until another positive trigger pulse is 
applied at t,. 

Close examination of the waveforms reveals that the 
monostable multivibrator goes through one complete cycle 
of operation for each input trigger pulse. Also, the time 
of application of the trigger pulse determines when V1 is 
driven into conduction, and the R-C time constont of R2-C2 
and the applied voltage determine when V2 is driven into 
conduction. Thus, the monostable multivibrator output fre- 
quency is determined by the input trigger frequency, and 
the output gate width is determined by the discharging of 
capacitor C2 through resistor R2 toward the potential of 
the positive voltage supply. 

A positive trigger pulse applied to the qrid of the tube 
that is normally cutoff, as was done in this case, is not the 
only method by which the multivibrator circuit can be trig- 
gered. A negative trigger pulse applied directly to the 
cothode of V1 or applied to the grid of V2 and coupled to 
the cathode of V1 through the cathode-follower action of RS 
serves the same purpose. In some practical-circuit applica 
tions, 4 positive trigger is applied to the grid of a “'triqaer- 
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inverter” stege whose picte is connected in parallel with 
the plate of V1; the inverted trigger is ther. coupled through 
capacitor C2 to the grid cf V2 as a negative triager pulse. 
In ony event, le of multivibrator operation is initiated 
by driving the normally conducting tube into cutoff, or by 
driving the tube that is normally cut off into conduction. 


FAILURE ANALYSIS. 

No Output. The input trigger should be checked with 
an oscilloscope to determine whether it is being applied 
to the circuit and whether it is of the proper polarity and 
amplitude. Lack of an input trigger at the atid of V1 can 
be due to an open coupling copacitor, Cl, or to failure of 
the external input-trigger source. 

Failure of the positive voltage supply, +Ebb, will dis- 
tupt the operation of the circuit, as will an open cathode 
circuit. With tubes (or a single twin-triade tube) installed 
in the circuit, the filament and plate voltages should be 
measured, as well gs the bias voltage developed across 
the cathode resistance, to determine whether the applied 
voltages are within tolerance and whether plate-load resistor 
R3 or R4 or cathode bias resistor R5 is open. I[f coupling 
capacitor C2 opens, there will be no feedback signal to 
effect the multivibrator switching action. An open output 
coupling capacitor, C3 or C4, will prevent the output-qate 
signal from reaching the following stage. 

Reduced Output. A reduction in output is generally 
caused by a defective tube; however, it can also be caused 
by a decrease in the applied voltage or an increase in the 
resistance of the associated plate-load resistor, R3 or R4. 
A leaky or shorted output coupling capacitor, C3 or C4, 
will form a voltage divider with the input resistor of the 
following stage. If the input resistor of this following 
stage is returned to ground or to a negative voltage supply, 
the voltage at the plate of both V1 and V2 will be reduced, 
and the operation of this following stage will be upset by 
the change in voltage applied to its grid. Also, the addi- 
tional current through plate-load resistor R3 or R4 may 
couse the resistor to burn out. 

Incorrect Frequency or Gate Width. The common-cathode- 
tesistor-coupled monostable multivibrator has no components 
governing the frequency of its output-gate signal; this 
frequency is governed by the input trigger applied to the cir 
cuit. Therefore, any change in the output-gate frequency 
is a result of improper operation of the trigger-generating 
circuits. A change in the output-gate width, however, will 
result if there is a change in the value of either resistor R2, 
capacitor C2, or the applied voltage. A change in the re- 
sistance ot capacitance of the R2-C2 timing control cir 
cuit will have the greatest effect on the gate width; changes 
in the applied voltage will affect the gate width to a lesser 
degree, 
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PHANTASTRON MULTIVIBRATOR. 


APPLICATION. 


he ponesien muluvibrator is used to Seve ¢ rec- 


CHARACTERISTICS. 
Operation is similar to that of a monostable multi- 

vinrator. 

se width or delay varies linea: 


witn the applied 


he penioge ot 


by application of 
ser to the 


‘SSTeEH;, 


Output can be taken f 
ay be either positive or negative, as selected. 
ovides either a low-impedance or high-impedance cui- 
determined by cutput connections. 


CIRCUIT ANALYSIS. 

General. The pnontastron circuit is considered to bec 
relaxation oscillator similar to the multivibrator in operation; 
the screen-coupled and cathode-coupled phantastron circuits 
the piate-to-grid-coupled and cathode- 


are apsroneust9 to 
c A dif- 


itivibrator, 


ference in the < spetation ef th 
aple multivibrator derives bios tinting from ar. exponential 
wavetorr. developed oy ar. A-C network, whereas tne pnan- 
testron uses a basic Miller-type sweep aenerator %o pro- 
duce a lineor tii The phertastren is usually 
turned on by the applicati gating or trigger pulse, 
and is turnes ott qutomancaily by an internally generated 
waveform. Hoth a positive and a negative rectanqular-wave 
output with well-defined leading edges may be obtained from 
the Laine such, depending on tie output 
cra tnorough analysis tier circuit operction, and 


the ‘ofetation of the screen-coupied, cathode-coupied, and 
rofer te Sactio 
MerOles 1S Section 


wavete! 
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20 of this tiandbook, 
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Pentagrid Phantastron Multivibrater 


The tunctions of the electrodes of the pentagrid tube 
used in this circuit are as follows: Grid 1, which is the 
conirol grid, controls the total tube (cathode) current. Grids 
2ond 4, connected internaliy, act as the screen grid. The 
cathode, the control grid (grid 1), and the screen grid (grids 
2and 4) correspond to the normally conducting tube of the 
cathode-coupled monostable multivibrator. (For analysis of 
Triode Common-Cathode-Resistor~-Coupled Monos table 
eration, refer to the applicabie discussion 
Section 8 of this Handbook.) Grid 3, which 
? control grid, controls the division between 
screen and piate current; a negative voltage on this grid 
reduces plate current and increases screen current; a posi- 
tive voltage has the opposite effect. Also, grid 3 has the 
ettect of changing the cuthode current, since some of the 
electrons returned toward the cathode by its action poss 
through the screen grid and reduce the space charge near 
thereby cousing the increase of screen current 
be ess than: hs ae decrease in plate current. 
o the cathode, is suppressor 
epee te additional contro} arid (grid 3), and 


the plate xcotrespond to the nomnally cutoff tube of the 
pled monostable multivibrator. 


given earlie: 


e phantas- 
followiag & functions: Hesistors 
= Dads from the positive voltage 
y (+Ebb) to aoe, setting the bias level ct gid 3 
ereby initially holding plate current cut off. Resistor 
e-locd resistor. The cathode-bias resistor, 
rves us the cathode-load resistor. Resistors 
46 and K7 form a voitage divider from the positive voltage 
setting the operating voitaye ievei 
Resistor RS returns the control grid to 
soltsge supply, setting the hias level that 


ale 
SMUEe 4 


(4Ebe) te ¢} 


dhe pos. 
initially permits the screen atid to conduct heavily. Opera- 
tion of the circuit occurs at tne rate determined by the dis- 
7 of fsedhack capacitor CZ througn resistor R5; in some 
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circuits this grid-return resistor, which usually has ¢ value 
exceeding ] megohm, is made variable to set the maxi:zum 
delay or pulse width of the output gate. Capacitor C2 also 
provides feedback from plate to grid to allow rapid response 
to any changes in the plate voltage. Capacitor Cl couples 
the input trigger to grid 3; this trigger initiates (or turns on) 
the phantastron action. Capacitors C3 and C4 are the out- 
put coupling capacitors for the screen grid and cathode, 
tespectively; a positive gate is obtained from the screen 
grid, and a negative gate from the cathode. If desired, a 
linear sawtooth waveform can be obtained from the plate of 
the phantastron circuit. 

The following simplified schematic diagram shows the 
charge and discharge paths for capacitor C2. The charge 
path (part A of the illustration) is from ground through 
cathode resistor R4, the low cathode-to-grid conduction re- 
sistance of V1, to the right side of the capacitor, and then 
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Charge and Discharge Paths for Copacitor C2 


from the left side of the capacitor through plate-load re- 
sistor R3 and the positive voltage supply back to ground. 
This path causes capacitor C2 to charge at an exponential 
tate during the time that plate current is cut off and the 
tube is drawing heavy screen current and only slight control 
grid current. The discharge path (part B of the itlustration) 
for capacitor C2 is from its right side through grid-bias re- 
sistor R5 and the positive voltage supply (+Ebb) to ground, 
and then from ground through cathode resistor R4 and the 
low cathode-to-plate conduction resistance of V1 to the left 
side of the capacitor. This path causes capacitor C2 to 
discharge ct a linear rate during the time that screen cur- 
tent is low (near cutoff) and the tube is drawing heavy 
Plate current. The linear discharge of capacitor C2 results 
from the Miller effect of tube V1, producing a much longer 
discharge circuit than could be obtained from R5-C2 alone. 
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That is, although the discharge rate of capacitor C2 is 
determined by the time constant of R5-C2, the discharge 
capacitance is not the value of C2 alone, but is effectively 
the value of C2 times the quantity unity plus the gain of V1} 
(1 + A), which is the Miller effect. 

The operation of the phantastron multivibeator can be 
more easily understood by referring to the preceding circuit 
illustrations gnd the accompanying waveform illustration 
during the following discussion. When voltage is first ap- 
plied, the plate section of the tube is in cutoff and there is 
heavy screen grid current. The conduction of screen cur- 
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Tent is a result of the operating voltage on this electrode, 
as determined by voltage divider resistors R6 and R7. The 
voltage is sufficiently positive to attract electrons emitted 
by the cathode as a result of the positive bias on the con- 
trol gtid (positive voltage return to B+ through resistor RS); 
this permits the flow of cathode current at this time. In ad- 
dition to permitting heavy screen current, the positive con- 
trol grid draws current and charges capacitor C2 through 
the poth described previously. The total screen and con- 
trol grid current through cathode-bias resistor R4 produces 
a voltage drop across this resistor. Comparison of the ek 
and eg, waveforms reveals that the positive potential at the 
top of resistor R4 is now greater than the positive potential 
at orid 3, which is obtained from the action of voltage divid- 
er resistors Rl and R2. A bias voltage is therefore estab- 
lished between grid 3 and the cathode; this bias is suf- 
ficient to cut off plate current, while having no effect on 
screen ot control grid current. Because there is no plate 
current, the plate potential is maximum positive (at B+), as 
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depicted by the ep voltage waveform during time interval 

a. Notice, also, during time interval a, that the screen volt- 
age (eq,.,) is at ¢ minimum as a result of heavy screen cur- 
rent, the cathode voltage (ek) is positive, and the control 
atid voltage (eg,) is positive because the positive-going 
signal at the plate is fed back through capacitor CZ. This, 
then, is the stable state of the phantastron multivibrator; 
the circuit remains in this condition (heavy screen current 
and plate current cut off) until a positive wigger pulse is 
apptied to grid 3 at ty. 

When the positive trigger (ein} is applied through capa- 
citor Cl to grid 3, it evercomes the bias on this grid and 
pemits plate current to flow. This current, in turn, Causes 
an immediate drop in the plate voltage developed uvross 
plate-loed resistor R3. The negctive-going signal at the 
blate is coupled through capacitor C2 to the control grid, 
here it driv e grid sufficiently negative to reduce the 
ct cathode current. Since the total cathode current is 
reduced, the screen current is also reduced; thus a positive: 
going voltage is produced at the screen grid. Through 
cathode-follower action, the negative-going signal at the 
control grid is coupled to the cathode, where it reduces the 
bias between the cathode and grid 3. With a decrease in this 
bias voltage there is an increase in plete current, resuiting 
in a further drop in plate voltage. The action just described 
is cumulative and instantaneous, so that when the positive 
trigger is applied to grid 3 at t,, there is an immediate 
increase in plate current and a sharp fal! in plate voltage, 

a decrease in screen current and a sharp increase in screen 
voltage, a decrease in total cathode current and sharp de- 
crease in cathode voltage, and the control grid is driven 
negative. All of the voltage relationships are depicted at 4 
on the wavetorn illustration. 

The fact that the plate current increases while the cath- 
ode current decreases is possible because the screen cur- 
rent is now decreasing. Therefore, the tise in plate current 
results from the fact that the plete draws current which 
had previously gone to the screen gid. That is, the bias 
between the cathode and grid 3 is decreasing, which 1s a 
regenerative action, causing the plate current to increase. 
Simultaneously, the bias between the cathode and contol 
grid is increasing, which is a degenerative actron, causing 
the tote] tuhe current (and screen grid current) to decrease. 
‘The screen grid current is only reduced-not cut off com- 
oo it it were cut off compietely. the 
also he cut off and circuit would not fun ice, there 
inust De point were the regenerative and degere4raiive 
effects are equal and the current stabilizes for an instant. 

This is the instant fat t,, wren tne sharp dcp in 
age ceases) at which seactine CZ begins 1ts jinear dis- 


a gction. 

capacitor C2 discharges during time interval b, it 
eS sane from its right side, in effect making tnis 
s well) more 


Ios: 

side nt the cnpacitor (and the control grid 
positive te reduce the bias between the control grid and the 
rathode. The reduction in control grid bias permits 


heavier flow of niate current through the tube, 


the voltage drop acruss vuthode- 
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R4 (ek waveform) and lowers the plate voltage (ep wave- 
for), as iliustrated during ume intervals b. The rate of 
change in tube current is governed by the discharge tate of 
capacitor C2 through resistor R5. Thus, in discharging, the 
control arid side of capacitor C2 gradually becomes more 
positive, causiny an inctecse in plate that produces 
aconstent decrease in plate voitage. yoltage 
increment on the control grid is always slightly greater than 
the negative-going plate signal it produces; therefore, the 
the arid potential gradually rises and the plate potential 
qadually drops, as depicted by the respective grid (eg,} 
and plate (ep) waveforms during time interval b. 

An important characteristic of this circuit is the ex- 
sé linearity of the rate ot change in the plave veliuye 
arid voltage during time interval b. The positive-going 
grid increases tube conduction, thereby decreasing the 
internal resistance of the tube. A decreasing resistance in 
series with a capacitor results in a linear voltage discharge 
of the capacitor, instead of the exponential discharge ob- 
tained when a fixed value of resistance is in series with a 
capacitor. The phantastron plate voltage during ume inter- 
va) b is, therefore, a linear downward-sloping voltage, and 
the atid voltage is a linear upward-sloping voltage. 

The action described during time interval b continues 
until the plate voltage becomes so low (only a. few volts) 
that the tube can no longer amplify the changes in plate 
voltage. At this instant, t,, capacitor C2 stops discharging 
and the control grid is rapidly driven positive, causing the 
tube current to incrocse at a very fast rote. The rapid rise 
of current through cathode-bigs resistor R4 produces a high 
positive potential on the cathode, which, in relation to the 
positive potential at grid 3, is a bias sufficient to cut off 
plete current. Since the total tube current is increasing at 
this instant, the additional current must flow in the screen 
arid circuit. The action now occuring is regenerative; as 
the plate voltage qoes positive because of piate-current 
cutoff, the control grid goes positive and causes an in- 
crease in tube current, which produces a higher voltage 
drop across resistor R4 to increase the bias on grid 2 and 
further cut off plate current. Thus, the phantastron multi- 
vibrator has returned to :ts original stable state of plate 
current curoff and maxiiiaz: screen gtid current, as illus- 
trated during time interval ¢, until the next trigger pulse 
bas t, again causes a cycle of phantasuon action. Before 


oF the TERE cycle ct operation, 


time constant cireuit of a0). Be 
slow recharging of CZ, a iong pe- 
ed weet BESS SE completion of the phantastron aate be- 
sore tne appiication oi ine next tigger Gul: 
time of C2 is di edon the plate voltage {ep} 


waveform 
As menuoned fetevionsly, when the phantastron is trig- 
gered {turned on) there isa sudden sop in ne screen Cur- 


voltage with a steep leading edae be ainvalonnt: he the 
tupe current gaoual ly incteases, producing the Haear drop 
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manner, but by a much smaller amount. The screen waveform 
will therefore decrease linearly by ¢ smal! amount until 

the point of plate-current cutoff (described previously) is 
reached. At the instant of plate-current cutoff, the screen 
current increases sharply, causing a sharp drop in screen 
voltage, as depicted by the trailing edge of the eg. Voltage 
wavetorm; this is the positive-gate output waveform coupled 
through capacitor C3 to the screen output terminals. The 
resultant neqative-qate output, ek, taken across cathode 
resistor Rd, is coupled through capacitor C4 to the cathode 
output terminals. This neqative-gate waveform also has 
steep leading and trailing edges, with the flat portion fal- 
ling off in amplitude at a linear rate. 

From the circuit action just described, it is evident that 
changing the value of the applied voltage will determine the 
point, and the time, at which the plate voltage ‘bottoms’, 
with respect to the time of application of the input trigger. 
Changing the value of either feedback capacitor C2 or arid 
resistor R5 will also affect the pulse width by controlling 
the rate of discharge of capacitor C2. For example, in- 
creasing the value of either resistor R5 or copacitor C2 will 
increase their R-C time constant, thereby causing capacitor 
C2 to discharge more slowly and increase the width of the 
delay gate. A decrease in the value of either resistor RS or 
capacitor C2 will have the opposite effect on the width of 
the delay gate. In some phantastron circuits the grid 
tesistor, R5 in this case, is made variable so as to control 
the maximum width of the delay gate, 

Variations of the phantastron multivibrator include sep- 
arate diodes for input trigger pplication and clamping the 
plate voltage at a predetermined level, and a cathode fol- 
lower in the charging circuit of feedback capacitor C2. The 
diode in the input trigger circuit acts as a trigger injector 
and also as a disconnecting diode to effectively isolate the 
trigger circuit after the phantastron action hos started. The 
“plate-voltage catching”, or clamping, diode establishes 
the maximum level of plate voltage, and, since the turnoff 
level is fixed, effectively controls the time during which 
the phantastron produces the linear delay gate. ‘The cathode 
follower is added to reduce the time required for recharging 
the feedback capacitor, C2 in this case, between gates; the 
plate circuit of the pentagrid tube merely raises the grid 
voltage of the cathode follower, and conduction through this 
tube charges the capacitor at a much faster rate than 
through the normal plate-load-resis tor charge path. The 
latter type of circuit is known as q “fast-tecovery phan- 
tastron’’, All the variations in phantastron circuitry men- 
tioned in this paragraph are described in more detail in 
Section 20 of this Handbook; refer to that Section of ad- 
ditional information. 


FAILURE ANALYSIS. 

No Output. The input trigger should be checked with an 
oscilloscope to determine whether it is being applied to the 
Circuit and whether it is of the proper polarity and ampli- 
tude. Lack of an input trigger at the additional control grid 
(grid 3) can be due to an open input coupling capacitor, Cl, 
or to failure of the external input-trigger source. It is also 
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possible far excessive bias to make the circuit inoperative 
because the input trigger amplitude is not sufficient to 
overcome the bias and initiate the phantastron action. Such 
¢ condition is indicated when an input trigger can be seen 
with an oscilloscope on grid 3 of the pentagrid tube and 
voltage appears on all tube elements, but either the con- 
tol grid or cathode voltage is higher than normal. This is 
most likely to occur when a negative voltage source is 
used with a common bleeder network to obtain the bias (as 
ina screen-coupled circuit). Since this cathode-coupled 
pentagrid circuit develops its own bias, an excessive cur- 
tent drain or short-circuit condition would be needed to 
increase the bigs to the nonopercting point. 

Failure of the positive voltage supply, +Ebb, will dis- 
tupt the operation of the circuit, as will an open cathode 
circuit, With a tube installed tn the circuit, the filament, 
plate, screen, and grid 3 voltages should be measured, as 
well as the bias voltage developed across the cathade re- 
sistance, to determine whether tne agplied voltages are 
within tolerance and whether an associated electrode te- 
sistor is open, If feedback capacitor C2 is open, there will 
be no feedback signal to promote the phantastron action. 

An open output coupling capacitor, C3 or C4, will prevent 
the output-gate signal from teaching the following stage. 

Reduced Output. A reduction in output is generally 
caused by a defective tube; however, a low screen gate out- 
put can also be caused by a decrease in applied voltage or 
a change in resistance value in the screen cucuit. Low 
cathode gate output indicates low cathode current, which is 
the sum of all tube element currents, and thus may be caused 
by any one of numerous conditions (decreased tube conduc- 
tance, reduce plate or screen voltage, etc). Usually, a volt- 
age check will locate the defective circuit end component. 
A leaky or shorted output coupling capacitor, C3 or C4, will 
form a voltage divider with the input resistor of the next 
stage. If the input resistor of this next stage is retumed 
to ground or to a negative supply, the voltage at the screen 
grid or cathode will be reduced, and the Operction of the 
stage will upset by the change in voltage applied to its 
grid. 

Distorted or Unstable Ourput. Distortion is indicated 
by a nonlinear waveform or an inaccurate time delay. Line 
arity and accuracy of the output gate waveform development 
is the basic property of this circuit, with the controlling 
elements being the applied d-c control voltage and the R+C 
Ume constant in the feedback circuit. Control voltage trou- 
ble may occur when the circuit uses a separate external 
control voltage from a separate power supply, since power 
Supply fluctuations can easily change the operating level 
and, therefore, the gate duration. A change of time constant 
due to changes in circuit values or to feedback capacitor 
feilure or leakage will change the rate of operation and 
hence the gate length; this should be most noticeable for 
the longer gate lengths. False triggering due to pickup of 
noise or stray pulses in the control cabling (on remote units) 
may affect both the turn-on and turn-off of the gate. This 
instability, or jitter, can also be caused by power supply 
fluctuations. An oscilloscope waveform check at each elec- 
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trode is usually the best method of checking for the cause 
of the jitter, which can then be traced to its source. 


Incorrect Frequency. The phantastron iultivibrator has 
no components governing the frequency of its output gate 
signal; this frequency is governed by the input trigger ap- 
plied to the circuit. Therefore, any change in the cutout 
plied to the circuit. Therefore, any change in the output 
gute frequency is a resuli of itaproper operation of the tig- 
get generating circuits. 
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PART B. SEMICONDUCTOR CIRCUITS 
ASTABLE MULTIVIBRATORS. 


The term astable multivibrator refers 
vibrator or relaxation-oscili tor! HS ts 


in either ot two t 
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The most common astabie multivibretor circuit is tne 
common-emitter configuration; therefore, the output wave- 
form is taxen from the collector circuit. if the waveform is 
nettical, tne output can be taxen from the collector 
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Circuit Operation. The accompanying circuit scnematic 
illustrates two transistors in a basic free-running multi- 
vibrator circuit. 


Basic Free-Running Astable Multivibrator Using 
PNP Transistors 


Transistors Qi and Q2 are identical PNP transistors 
used in a common-emitter circuit configuration; either junc- 
tion or point contact transistors may be used in this circuit. 
Resistors Rl and R4 are the collector load resistors fer 
Ql and Q2, respectively; R2 and R3 are the base-biasing 
resistors for Q] and Q2, respectively. Capacitor Cl pro- 
vides the coupling from the collector of G1 to the base of 
Q2; capacitor C2 provides the coupling from the collector 
of Q2 to the base of Q1. Capacitor Cl and resistor R3 form 
an R-C circuit to determine the discharge time constant for 
the base of Q2; capacitor C2 and resistor R2 determine the 
discharge time constant for the base of Q1. Capacitors C3 
and C4 are the output coupling capacitors for Q] and Q2, 
tespectively. An output waveform can be taken from the 
collector element of either transistor, ot output waveforms 
can be taken from the collector elements of both transistors. 

The common-emitter configuration illustrated uses a 
single-battery power source, Voc. Forward bias for the 
base of transistor Q] is obtained through the low-resistance 
emitter-base junction, which is in series with resistor RZ 
across the voltage source, Vcc; since the base of {1 is 
placed at @ negative potential with respect to its emitter, 
the required forward bias for the PNP transister is thereby 
established. In a like manner, forward bias for the base of 
transistor Q2 is obtained through the emitter-base junction 
and resistor R3. When voltage is first applied to the multi- 
vibrator, the current which flows in each collector load 
resistor, Rl and R4, is determined by the effective resist- 
ance offered by transistors Ol and Q2 for a yiven value 
of base-bias voltage. 

The multivibrator circuit shown in the scnematic ap- 
pears to be a balanced (or symmetrical) circuit, since each 
R-C-coupled stage is identical to the other; however, in 
spite of the use of close-tolerance components, there will 
always be minor differences in circuit resistances and in 


ORIGINAL 


900,000.102 MUL TIVIBRATORS 
junction resistances within the transistors themselves, 

(A balanced circuit is assumed here and not necessarily a 
multivibrator designed for unsymmetrical output.) As a 
result of this inherent unbalance, the initial collector cur- 
rent (resulting from the forward-bias conditions set up by 
the emitter-base junction resistances ond bias resistors R2 
aud R3) for each transistor is different, and the immediate 
effect produced by regenerative action between the coupled 
stages is that one transistor conducts while the other is 
cut off. For the purpose of this explanation, assume that 
initially more collector current flows through transistor Q1 
than through transistor Q2; thus, as the collector current 

of QI increases, the voltage at the collector of Ql decreases 
with respect to its emitter, or ground. In other words, the 
collector of Q1 becomes less neyative and this, in effect, 
acts ds a positive-going pulse, which is coupled through 
capacitor Cl to the base of transistor Q2. The positive- 
going pulse at the base of Q2 makes the base positive with 
respect to its emitter (ground) and, as a result, Q2 ap- 
proaches cutoff. The collector current of Q2 decreases 
because of the reverse-bigs action, and the voltage at the 
collector of Q2 increases, and approaches the supply volt- 
age, —Vec. In other words, the collector of Q2 becomes 
more negative and this, in effect, acts as a negative-going 
pulse, which is coupled through capacitor C2 to the base 

of transistor Ql. The negative-going pulse at the base of 
QI places the base negative with respect to its emitter 
(ground), and the collector current of Q] is further increased 
because of the forward-bias action. This regenerative pro- 
cess continues until Q1 is driven into saturation (as a result 
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of increased forward-bias), and Q2 is cut off (as a result 
of the reverse-bias conditions). 

For the following discussion of circuit operation, tefer 
to the circuit schematic shown previously, and also to the 
waveforms shown in the accompanying illustration. 

Assume that transistor Q1 is conducting and has j ust 
reached saturation. When QI is at saturation, its collector 
current no longer increases but rather becomes a constant 
value (see Q1 collector waveform for period T1); therefore, 
there is no further change in collector voltage to be coupled 
through capacitor Cl to the base of transistor Q2. The 
voltage at the base of Ql is only a few tenths of a volt 
neaative, and, as a result, capacitor C2 quickly charges 


sistance of R4 to a potential which is approximately equal 
to - Vcc. Since the collector voltage ct Q1 (Q1 is con- 
ducting heavily) is at nearly ground potential capacitor Cl 
(previously charged) starts discharging (see Q2 base wave- 
form for period T1) at a tate which is equal to the time 
constant R3C1, through transistor Q1, the voltage source, 
and resistor R3. 

As capacitor Cl discharges, the voltage at the base of 
Q2 becomes less and less positive (neqative-going) until a 
point is reached where reverse bias is no longer applied and 
Q2 is able to conduct (as shown in the Q2 base waveform 
at the end of period Tl). 

When the base of Q2 returns to a forward-bias condition, 
Q2 begins to conduct and its collector current begins to 
tlow through ioad resistor R4. As the collector voltage at 
Q2 drops (see Q2 collector waveform for period T2), a 
changing (positive-yoing pulse) voltage is coupled through 
capacitor C2 to the base of transistor Q}. The voltage at 
the base of Q1 is only a few tenths of a volt negative, and, 
as a result of the charge on capacitor C2, reverse bias is 
applied to the base of Ql. Transistor Q1 is driven to cutoff, 
and the collector voltage of Q1 tises (see QI collector 
waveform for period T2). This rise, coupled through C1, 
will drive the base of Q2 further into the forward-bias con- 
dition. The voltage at the base of Q2 is only a few tenths 
of a volt negative, and the collector voltage at Q1 is approxi- 
mately -Vcc; as a result, capacitor C] quickly recharges 
(see Q2 base waveform for period T2) through the low ce- 
sistance of Rl to a potential which is approximately equal 
to-Vec. Si he collector voltage at Q2 {Q2 is con- 


ducting heavily} is at nearly ground potential (see Q2 col- 


lector waveform for period T2), capacitor C2 (previously 
charged) starts discharging at a rate which is equal to the 
time constant R2C2, through transistor Q2, the voltage 


source, and resistor 
As capacitor C2 discharges (see Q] base waveform for 
period T2), the vottage at the base of Qi becomes less and 
less positive (neqative-going) until a point is reached where 
reverse bias is no longer applied, and Q1 is able to conduct. 
When the base of Ol begins to conduct, collector cur- 
rent begins to increase through load resistor Rl. As the 
voltage drops at the collector of Q1 a changing (positive- 
going pulse) voltage is coupled through capacitor Cl te 
the ha: 


uon. 
For euct half-cycle of operation, whenever ¢ change- 


over of the multivibrator takes place one of two actions 
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occurs: in one case capacitor Cl recharges through load 
resistor Rl and the base-emitter junction of Q2 to the value 
of the supply voltage, Vec, while capacitor C2 discharges 
through the series circuit consisting of transistor Q2, the 
voltage source, and resistor R2; in the other case, capaci- 
tor C2 recharges through load resistor R4 and the base- 
mction of Q1 to the value of the supply voltage, 
Vec, while capacitor C1 discharges through the series 
circuit consisting of transistor Q1, the voltage source, and 
resistor R3. 

The discharge times of capacitors Cl and C2 are rela- 
tively long as compared with their charge times; thus, the 
Capacitor which is charging reaches its final potential long 
defore the oihe: upucitor lis Completely discharged, This 
action can be clearly seen if the Q1 and Q2 base waveforms 
in the illustration are compared for periods T1 and T2. 

The waveforms shown in the preceding illustration are 
for a symmetrical multivibrator, and the output taken from 
the collector of either transistor is a square wave. The 
waveforms shown in the accompanying ilustration are for 
an unsymmetrical multivibrator, and the output waveforms 
have unequal time durations. The general circuit operation 
is identical with that of the symmetrical multivibrator; 
however, the on and off times, or charge and discharge 
times, are different since different R-C values are used. 
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defective component. With the circuit in the non-oscillating 
condition, a check of the voltages at the collector of each 
transistor will reveal whether load resistor Rl or Rd is 
open. If either resistor is open, there will be no collector 
voltage on the associated transistor; also, the other tran- 
sistor will conduct heavily because of the reduced bias 
(the circuit is inoperative), and its collector voltage will 
be low. (In this case the collector resistor can burn out.) 
Tf coupling capacitor Cl or C2 is leaky or shorted, the 
collector resistor of one transistor will be shunted across 
the base resistor of the other transistor, and the fixed bias 
on the base of the transistor to which the defective capaci- 
tor is connected, will be increased. If the increase in bias 
is sufficient, the transistor will be rendered inoperative. 
{Under certain conditions, an unsymmetrical output can 
occur.) Also, if coupling capacitor Cl or C2 is open, or if 
tesistor R3 or R4 is open, the circuit will be rendered in- 
operative, since the R-C circuit resistance will be infinite, 
If output capacitor C3 or C4 {is open, the circuit will operate 
ata slightly different frequency because of load changes, 
but no output will be observed. 

Incorrect Frequency and Pulse Width, The critical com- 
Ponents governing the frequency and pulse width of the 
multivibrator are those in the coupling circuits. Any 
change in the components governing the R~C discharge 
time constant will directly affect the frequency and pulse 
width, A change in value of coupling capacitor Cl or C2 
or in the base resistance R2 or R3 will have the greatest 
effect. Although a change in the value of collector resis- 
tor Rl or R4 will affect the frequency and pulse width, it 
will have a greater effect on the output amplitude of the 
waveform, 

A 10 percent voriation in the collector voltage may 
cause some frequency drift. However, in practical circuits 
where the multivibrator is unsynchronized and free-running, 
adjustments are usually provided to adjust the collector 
voltage or the base resistance (usually the latter). In this 
manner the circuit can be set to the correct frequency and 
pulse width, and can be compensated for the difference in 
transistor characteristics when a replacement is made. 

If output coupling capacitor C3 or C4 is leaky or short- 
ed, the voltage divider action which can occur through the 
base resistance of the next stage may reduce the amplitude 
of the output waveform and cause the multivibrator to 
operate at a highet frequency. This is true because the 
discharge time in the base circuit is dependent on the 
amount of change in the voltage applied to the capacitor. 
Another effect can be a change in the operation of the follow- 
ing stage caused by the bias voltage resulting from this 
voltage divider action. 

If this following stage employs a PNP transistor, the 
forward bias on the wansistor will be increased, with a 
tesultant increase in collector current. The excessive 
collector curtent may cause burnout of the collector resistor 
or the transistor, depending on the ratings of those parts. 

If the stage employs an NPN transistor the bias will be 
Teversed and cutoff may occur. 
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BISTABLE MULTIVIBRATORS. 

The term bistable multivibrator refers to one class of 
multivibrator or relaxation oscillator circuits that can 
function in either of two stable states, and is capable of 
switching rapidly from one stable state to the other upon 
the application of a triqger pulse. In the strict sense of 
the word, the bistable multivibrator is not on oscillator; 
tather, itis a circuit having two conditions of stable (bi- 
stable) equilibrium and requiring two input triggers to 
complete a single cycle. That is, the bistable multivibrator 
is initially ot rest in either one of two stable states; when 
triggered by an input pulse, the circuit switches to the 
second stable state, where it remains until triggered by an- 
other pulse. Thus, the operation of the semiconductor bi- 
stable multivibrator is dependent upon the timing-control 
action involved in the transfer of conduction from one tran- 
sistor to the other, initiated by an input trigger. pulse of 
proper polarity and sufficient amplitude. Because there is 
a sudden reversal (or ‘’flopping’’) from one stable state to 
the other, the bistable multivibrator is frequently referred 
to as a flip-flop circuit. 

Most semiconductor multivibrator circuits are counter- 
parts of multivibrator circuits using electron tubes. For 
example, the basic transistor bistable multivibrator is 
analogous to the triode electron tube Eccles-Jordan bistable 
multivibrator, In both cases, the bistable multivibrator 
produces an output pulse, more commonly called a gate’, 
having fast rise and fall times and extreme flatness on top. 
To generate this type of waveform, the circuit requires 
one trigger pulse for tum-on (start) and another trigger 
pulse for tum-off (stop), thus generating a ‘‘step’’ function 
for each input trigger. When the trigger pulses are of con- 
stant frequency and are applied at long time intervals (low 
frequency), the gates generated are wide. On the other 
hand, when the trigger pulses are of constant frequency 
and are applied at short time intervals (high frequency), 
the gates generated are narrow. In all cases, however, two 
input trigger pulses are required to complete one cycle of 
operation, resulting in an output gate frequency one-half 
that of the input trigger frequency. 

The rectangular-gate output of the bistable multivibrator 
can be either positive or negative in polarity. Each gate 
is formed by the combination of positive and negative step 
functions produced by turning the multivibrator on and off, 
that is, driving the transistor from cutoff to saturation, and 
vice versa. 

When a transistor is operating in the saturation region, 
a phenomenon known as minority carrier storage Occurs. 
Because the collector-base voltage is limited in its ex- 
cursion by the resistance in the collector circuit, the 
collector cannot accept all of the minority carriers injected 
by the emitter, and, as a result, an excess of minority 
carriers is built up in the bese region. In a PNP transistor 
that is in a state of saturation, an excess of holes is built 
up in the base; before the transistor can be tumed off, this 
excess must be temoved. Thus, the tum-olf operation is a 
function of the amount of minority carrier storage. Minority 
carrier storage is one limiting factor in the switching speed 


8-B4 


ae 


ELECTRONIC CIRCUITS NAYSHIPS 
of the multivibrater; other factors that limit the switching 
speed are the operating level of the transistors, collector 
capacitance, and extemal circuit elements. 

Minority carrier storage can be prevented by 1. .g the 
exc! f the collector voltage of a switching stage to 
an atea outside the saturation region of the transistor. In 
this case, the collector current is not I 
tor circuit resistance, but rather by the maximum current 
limitation of the transistor. This is the basis of operation 
of the nonsaturating multivibrator’’; this circuit is dis- 
cussed in detail later in this section, as are several other 
semiconductor bistable multivibrator circuits and bistable 
multivibrator triggering techniques. 


BASIC FLIP-FLOP MULTIVIBRATOR. 


APPLICATION, 

The basic flip-flop multivibrator produces a square-or 
tectangular-wave output for use as gating of timing signals 
in radar sets, It is also used in switching-circuit applica- 
tions, and for computer logic cperations which include 
counting, shift-registers, clock pulses, ond memory cir- 
cuitry. This circuit is often used for relay-contro} functions, 
and for a variety of similar applications in radar and com- 
munications systems, 


CHARACTERISTICS. 

Circuit assumes one of two stable states: one trans- 
istor normally conducts while the other transistor is cut off, 
and vice versa. 

Requires two input triggers to complete one cycle of 
operation; the circuit assumes ¢ stable sta 
tion of each half-cycle of operation. 

For a constant-frequency input, the output frequency is 
one-half that of the input trigger frequency. 

Input triggers can be either positive or negative (posi- 
tive trigger may be applied to base of conducting wansistor, 
and negative trigger may be applied to base of cut-off 
transistor in common-emitter circuit configuration), 

Symmetrical triggering occurs when the same trigger 
pulse is applied simultaneously; unsymmetrical triggering 
occurs when triggers are applied separately. 

Symmetrical or unsymmetrical output gate depends on 
timing sequence of input trigger pulses; input triggers from 
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different sources (turn-on and turn-off triggers) produce 
unsymmetrical output gate. 

Collector-to-base feedback coupling is direct (through 
tesistors}, with bypass capacitars used to speed up switch- 
ing from one stable state to the other. 

Circuit can be made to assume the same initial stable 
state whenever voltages are applied by incorporating a 
definite imbalance within the circuit, or by using a manually 
controlled “reset” signal. 

Output is taken from collector of either transistor in 
common-emitter circuit configuration. 

Output impedance is low when transistor is in conduct- 
ing (on} state; output impedance is approximately equal to 
collector load resistance when transistor is ir. cutoff (off) 
state: 


CIRCUIT ANALYSIS. 

General, The basic flip-flop multivibrator is capable 
of producing 2 squ 
(gate) in response to two input triqgers. This type of multi- 
vibrator has two stable (bistable) states — one transistor is 
normally conducting while the other tonsistar is normally 
held cut off — each one functions for only one-half cycle 
when triggered. Feedback from the collector of one transis- 
tor to the base of the other is direct through a caupling re- 
sistor bypassed by a capacitor. Thecapacity shunts the 
high-frequency components of the pulse from collector to 
base around the coupling resistor so that the rapid change 
taking place at one collector is coupled, with minimum 
attenuation, to the base of the other transistor. Because 
two input triggers (turn-on and turn-off) are required to com- 
plete one cycle of operation, the output gate frequency of 
the flip-flop multivibrator is one-half the input trigger fre- 
quency. The output gate length is determined by the time 
interval between the turn-on and tum-off triggers. Output 
signals are taken from the collector of either or both transis- 
tors in the common-emitter circuit configuration. 

Circuit Operation. The accompanying circuit schematic 
illustrates two transistors in cbasic flip-flop multivibrator 
circuit. Transistors Ql and Q2 are identical PNP transis- 
tors used in a common-emitter circuit configuration; either 
junction or point-contact transistors may be used in this 
circuit. Resistors Rl and R2 are the base-biasing resistors 
tor Vi ana QZ, respectively. Resistor R3 provides the di- 
tect coupling from the collectar of Q] to the base of Q2, and 
tesistor R4 provides the direct coupling from the collector 
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Basic Flip-Flop Multivibrator Using PNP TransIstors 


of Q2 to the base of Ql. Feedback resistors R3 aid R4 are 
bypassed with capacitors C3 and C4, respectively; these 
capacitas permit faster switching action from one transis- 
tor to the other. Resistors R5 and Ré are the collector- 
load and output resisters for Ql and Q2, respectively. Ca- 
pacitors Cl and C2 are the input trigger coupling capacitors 
for Ql ond Q2, respectively; they provide unsymmetrical 
triggering. Capacitors CS and C6 are the output-qate coupl- 
ing capacitors for Ql and Q2, respectively. An output wave- 
form can be taken from the collector element of either trans- 
istot, or output waveforms can be taken from the collector 
elements of both transistors simultaneously. 

Fixed bias for the PNP transistors of this flio-flop multi- 
vibrator is obtained from two separate d-c voltage sources 
via voltage-divider networks. Resistors Rl, R4, ad R6 
form one voltage divider between the positive d-c (+VBB) 
and neqitive d-c (-Vcc) supply voltages. The resistor 
values are selected so that the voltage at the top of Rl is 
negative with respect to the grounded P-type emitter of Ql; 
thus, the emitter of Q1 is forward biased with respect to 
the N-type base. Another valtage divider, consisting of re- 
sistors R2, R3, and R5 between the positive and neaative 
supply voltages, farward biases the emitter of Q2 in the 
same manner. That is, the voltage at the top of R2 (at the 
N-type base of Q2} is negative with respect ot the P-type 
emitter of Q2. Because of the voltaqe-divider action, the 
voltage at the collector of each transistor is more neactive 
than the voltage at its base; thus, the collector-base junc- 
tion of each PNP transistor is reverse biased. 

When voltage is first applied to the circuit, the current 
which flows in each collector load resistor (R5 and R6) is 
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determined by the effective resistance offered by transistors 
Q1 and Q2 for a given value of base-bias voltage. Although 
the muitivibrator shown in the schematic appears to be a 
balanced circuit, and in spite of the use of close-tolerance 
components, there is always minor differences in internal 
resistance within the trmsistars. As a result of this in- 
herent imbalance, the initial collector current (resulting 
from the forward-blas conditions set up by the emitter-base 
function resistances and bias resistors RI and R2} foreach 
transistor is different, and the immediate effect produced 
by regenerative action between the coupled stages is that 
one transistor conducts while the other is cut off. 

For the purpose of this explanation, assume initially that 
more collector current flows through transistor Q] than 
through transistor Q2; thus, as the collector current of Q1 
increases, the negative voltage at the collector of Ql de- 
creases with respect to its emitter, or ground. Thus, the 
collector of Q1 becomes less negative and this, in effect, 
acts as a positive-qoing pulse, which is directly coupled 
through resistor R3 to the base of transistor Q2. The 
positive-going pulse at the base of Q2 makes the base posi- 
tive with respect to the emitter (ground) and, as a result, 
Q2 is reverse-biased and approaches cutoff. The collector 
current of Q2 decreases because of the reverse-bias aétion 
between its base and emitter, and the voltage at the callec- 
tor of Q2 increases, rising towards the value of the supply 
voltage. In other words, as the collector of Q2 becomes 
more negative g neaative-oing pulse is developed across 
R6, which is directly coupled through resistor R4 to the 
base of transistor Ql. The negative-going pulse at the base 
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of Q1 makes the base negative with respect to its emitter 
(ground), and increase the forward bias on the base, caus- 
ing the collector current of Q1 to further ir . This 
sgensratlve process cantinues until Q] is driven into sat- 


sult of the increased fory 


is cut off (as a result of the increased revers' ). Thus, 
with the initial application of d-c power, one transistor is 
turned on while the other is cut off, and each transistor is 
then held in this particular state of operation by the feedback 
from the other transistor until the off-trigger arrives. 

For the following discussion of basic flip-flop multi- 
vibrator circuit operation, refer to the preceding circuit 
schematic and the accompanying ilusiruiion uf ihe ideal 
ized theoretical waveforms. Assume that transistor Q] has 
been initiolly turned on and is conducting heavily in a sat- 
fo ty tz ty te 
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Theoretical Waveforms for Basic Flip-Flop Muitivibrator 
(Using PNP Transistors) 


urated state, while transistor Q2 remains cut oft, Thus the 
circuit is resting in one of its two stable states of equill- 
brium as discussed ahove. The initia! turn-on period is 


represented by time interval a on the waveform illustration, 
while the steady state conducting condition of Q1 is repre+ 
sented by time interval b. ee the output ot the col~ 


lector of Q2 


the 
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output at the collector of Q2 is at its most negative excur- 
sion (Q2 is cutoff). Since there is no internal time constant 
circuit provided to permit the nonconducting transistor to 
be automatically raised above cutoff (the fixed bias net- 
cot, ensures that it isheld below cutoff), the circuit re- 

ins in this stable condition until o positive off-trigger 


is asia Ql. 

At time t,, the positive tum-off trigger is applied to 
terminal B, and the base of Q1 is instantaneously driven 
below cutoff. Collector current flow through Q] reduces, 
and heavy collector current flow through Q2 develops a 
positive-going output voltage across R6, which is alse op 
plied through R4 and C4 to reverse bias the base af 1. 
This additional reverse-bias quickly causes Q] collector 
current to cease, and the collector voltage rises quickly 
towards the supply value, producing a negative-going output 
through CS. At the same time, this negative-going collector 
voltage is fedback through R3 and C3 to the base of Q2 as 
a forward bias. This continuous feedback action of reverse 
bias on QI and forward bias on Q2 continues until the col- 
lector voltage on O2 bottoms, or saturation is reached, The 
circuit now rests in 1ts second stable state, (during time 
interval ¢) with Q1 non-conducting while Q2 conducts heav- 
ily, The switching action is speeded up by capacitas C3 
and C4 which allow the instantaneous changes to be im- 
mediately applied to the associated base element to produce 
the steep leading and trailing edges of the waveform, The 
circuit remains in this condition (time interval ¢) until 
another turn-on trigger of positive polarity is applied to 
terminal A, 

At time t,, the positive turn-on trigger is applied to C2 
and the base of Q2 which is farward biased and heavily con- 
ducting. The instantaneous positive bias produced by the 
input signal cancels the existing forwarr bias and reverse- 
biases Q2, stopping collector current flow. As the collector 
current of Q2 ceases, the collector voltage of Q2 tises to- 
wards that of the supply and produces a negative-going 
output signal, Meanwhile, this negative output voltage 
is also fed back to the base of Ql through feedback re- 
sistor R4 which is bypassed by C4. The instantaneous ne- 
aative swing through C4 quickly drives the base of Q] in 
a forward-biased direction, and causes Q1 to conduct. As 
Ql conducts, an output voltage of positive-going polarity 
5, and is fed back through R3, by- 
passed by C3, to the base of Q2 driving it still further tu- 
wards cutoff. Thus O2 isheid cut off, while Qi once uguin 
ucts heavily near scturation, This 1s the starting condi~ 
tion and the other stable operating point (time interval d on 
the wavetorm). 


developed across R 


Close examination of the waveform: illustration reveals 
that the length he output gates ned by the 
time interval between the tum-on and turn-off triggers. If 
the frequency of the turn-off trigger is made lower, the time 
interval between the triggers will increase; hence, the gate 
length will decrease if the turn-off trigger frequency is in- 
creased. Thus, the bistable multivibrator provides a posi- 
Uve or negative bias ian gate in response 
turn-on) miqger pulse, wilh the gate bein 
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turn-off trigger pulse. If a single constant-frequency trig- 
ger is used for both the turn-on and turn-off functions, the 
circuit produces @ symmetrical square wave output, with a 
frequency one-half that of the trigger frequency. A single 
pulse con be used for triggering becouse either the leading 
or the trailing edge of the trigger can be used. When con- 
ducting, and the leading edge is applied, a positive trigger 
Operates to reverse bias the conducting transistor while the 
feedback causes the nonconducting transistor to be tumed 
on. Conversely, if the trailing edge of the trigger pulse is 
applied to the nonconducting transistor, it produces a 
forward-biased condition and starts the transistor conducting, 
while feedback from the transistor produces a reverse bias 
to stop the first transistor from operating. This action is 
true as long as the trigger is a sharp pulse of short duration. 
If of long duration, an unsymmetrical output will be pro- 
duced. 

In the symmetrical-input bistable multivibrator under 
discussion, negative trigger pulses of sufficient amplitude 
can also be used to initiate the switching action between 
transistors Q] ond Q2. When the negative pulse is applied 
simultaneously to the base of the transistors, there will 
be no effect on the operation of the conducting tube. 
However, the collector current on the cut-off transistor will 
be increased, causing the collector voltage to decrease. 
The decrease in collector voltage when coupled to the grid 
of the nonconducting transistor drives this transistor into 
full conduction. In turn, feedback through this newly tumed 
on transistor biases off the originally conducting transistor. 

Although it is true that either negative or positive input 
trigger pulses can cause the switching action to occur, 
triggering with positive pulses is preferred. For example, 
if the cut-off transistor is biased with a highly positive 
potential, a high-emplitude negative pulse is required to 
drive }t into conduction, and only the most negative portion 
of the pulse has any effect. On the other hand, a low ampli- 
tude positive pulse applied to the conducting transistor 
immediately drives this transistor into cutoff, causing a 
relatively instantaneous switching action. 


FAILURE ANALYSIS. 

No Output. The input trigger should be checked with 
an oscilloscope to determine whether it is being applied 
to the circuit, and whether it is of the proper amplitude ond 
polarity. Lack of an input trigger at the base of QI or Q2 
can be due to an open coupling capacitor, Cl or C2, or to 
failure of the external input-trigger source. If the input 
signal does not appear on the base side of the capacitor 
use an in-circuit capacitance checker to check Cl or C2 
for proper capacitance or an open circuit, 

Failure of the base bias ot collector bias supply will 
disrupt operation of the circuit as would an open feedback 
circuit. Use a voltmeter to check the base bias, collector, 
and supply voltages. Normal voltage indications on these 
elements also indicates that neither Rl nor R2 is open and, 
likewise, R3 and R4 also. If either C3 or C4 is shorted, 
the circuit will still operate as a direct-coupled unit and 
operation will be somewhat slowed up, but an output will 
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still be obtained. If normal signals appear on the collec- 
tors but not at the output, coupling capacitor C5 or C6 is 
probably open. Use an in-circuit capacitance checker to 
verify the capacitance value and to check for an open or 
shorted condition. 

Reduced Output. A reduction of output is usually 
caused by low collector voltage, improper bias, or a de- 
fective transistor. A change in the resistance of the associ- 
ated collector: load resistor R5 or R6 will also affect the 
output amplitude. Check the resistance with an ohmmeter. 
A leaky or shorted output coupling capacitor, C5 or C6, 
will form a voltoge divider with the input resistor of the 
following stage. If the input resistor of the following stage 
is retumed to ground or to a bias supply, the collector 
voltage on either Q1 or Q2 will be changed and operation 
of the following stage will be upset by the change in volt- 
age on its grid. In addition, this may possibly cause addi- 
tional collector current flow through collector resistor RS 
or R6 and may cause the resistor to bum out. 

Incorrect Frequency or Gate Width. The basic flip-flop 
multivibrator has no parts governing the frequency or width 
of the output gate signal; these are both governed by the 
input triggers applied to the circuit. Therefore, any change 
in the output-gate frequency or width is a direct result of 
improper operation of the turn-on and/or turn-off trigger 
generating circuits. 


DIRECT COUPLED (OR BINARY) MULTIVIBRATOR, 


APPLICATION. 

The direct-coupled (or binary) multivibrator produces a 
square or rectangular output waveform primarily for use in 
computer circuit and switching operations such as computer 
logic, counting and shift register operations, clock pulse 
generation and memory circuit. 

Because of its simplicity is also serves a variety of 
similar applications in radar and electronic equipments. 


CHARACTERISTICS. 
Usually employs self bios. 
Provides two outputs (one is the inverse of the other). 
Requires a turn-off or reset trigger to change state. 
Requires a minimum number of parts. 
Operates at low levels (10-15 millivolt input controls 
200-300 millivolt output). 


CIRCUIT ANALYSIS. 

General. The d-c coupled or binary (count-by-two cir- 
cuit) multivibrator offers design simplicity and a minimum of 
parts which leads to its frequent use in logic circuitry. It 
is basically, a bistable multivibrator with two states of 
stable operation. In the on-state, one transistor continu- 
ously conducts while the other remains cut off. In the off- 
state, the previously conducting transistor is cut off and 
the previously nonconducting transistor is switched on. 
The change of state is accomplished only by a separate 
trigger. There is no RC timing network to permit automatic 
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charae or discharge to contro! the switching rate. Design 
is usually such that the conducting transistor operates in 
a saturated condition, Thus thebase voltage is higher 
than the emitter and the collector voltages, and all element 
voltages are iow in value with only a fraction of a volt 
difference between them. Consequently, the conducting 
transistor has a low value of dissipation, and the output 

is also low. As a resuit, the d-c multivibrator usually re- 
quires a stage of external amplification if other transistars 
are to be driven by it. When operated as a saturated flip- 
flop it requires a higher turn-off power than that of the non- 
saturating type (discussed later in this section of the Hand- 


beokl, Since no emitter resistors are used, the cirenit is 


somewhat sensitive to temperature changes above 6U degrees 
Centigrade. 


Circuit Operation. The accompanying schematic illu- 


strstes o basic dec flip flop. 


INPUT 
Basic PNP Direct-Coupled (Binary) Flip Flop 


Note that only two resistors (Rl and R2) are used, which 
serve both as collector resistors and as feedback resistors, 
and across which the cutput is developed, For simplicity, 
the control trigger circuitry is not shown. 

Initially a forward bias is applied to both transistors 
by connecting the base of Q1 and Q2 to R2, and: RI, tespec- 
tively (the negative supply vaitage through the 
places a forward negative ee on the transistor). In the 
absence of g wigger pulse Suth ugioisters tend te conduct. 
However, the first one to estabiish a tiow of coilector cur- 
Left plOduces S POS. UVesysing Colectur swing which is ape 
phed to Dias the opposite transistor beiow cutoif, Because 
uf the inherent slight difference in bese resistance between 
similar tronsisiors, cne tronsistar will clways conduct more 
heavily than the other, Assume for the sake of discussion 
nat Ql is conducting ané QZ is driven to cutoif. Since 
this circuit operates at collector saturation, a heavy cur- 
1 the supply through resistor Rl, and transis- 
w otic as shown on the schematuc 
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going voltage is fed back directly to the base of QZ as a re- 
verse bias which immediately stops conduction through Q2. 
The heavy flow of ic drops the collector voltage of Q1 to 
almost zero (it is saturated). Meanwhile, since Q2 stops 
conducting its collector voltage mses to nearly the full neg- 
ative supply value. Since the base of 1] is connected to the 
collector end of R2, this neqative-going feedback voltage 

is applied to the base of QI as a large forward bias. The 
base voltage on Q1 isnow higher than that of the collector, 
and since the emitter is grounded and effectively at zero 
potential, the base voltage is also higher than the emitter. 
Thus the base voltage is the dominating voltage which 
holds Ol conducting until a turn-off trigger arrives. The 
circuit is now operating between intervals th ang was 
shown on the accompanying waveform illustration, 


INPUT | INPUT 2 
' \ 


Typical Wevetorms 


At time t, the turn-off trigger orrives, and a negative 
input pulse is applied via input 2, Conseguenty, the nega- 
tive input on the base drives Q2 ino forward direction (the 
smali saturation voltage ted trom tie coliector of U1 is 
easily overcome by the negative input pulse), and 02 con- 
ducts. immediateiy, current flow through R2 caus 


As conduction 


J rises towards the full nega- 


eck on increasing negative 
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voltage to the base of Q2, Thus, Q2 is quickly switched 
into conduction while Ql is tumed-off. At time t, the sec- 
ond stable state is accomplished, and now the circuit awaits 
another tum-off trigger at time t,. This is merely a repeat 
of the sequence of operation at time t,. Namely, a negative 
trigger is applied to input | which drives the base of Q] in 
a forward direction, causes collector current flow through 
RI and feeds back a positive-going voltage to the base of 
Q2 causing it to stop conducting. Instontoneously, the 
collector voltage af Q2 rises towards the negative supply 
value, and drives the base of QI into heavy conduction. 
The citcuit is now resting in the initial state, with Q1 con- 
ducting heavily and Q2 cut off. 

The circuit schematic of a practical binary multivibrator 
is shown in the accompanying illustration, with control 
circuitry. Except for the operation of transistors Q3 and 
04, circuit operation is identical and corresponding parts 
are labelled identically so that the discussion above ap- 
plies. 


INPUT I 


ya am 


Typical PNP Binary Multivibrator 


INPUT 2 


aaa 


Transistor Q3 ond Q4 merely act as switches, when a nega- 
tive trigger is applied to their base they conduct, and when 
no trigger is present they are held nonconducting. The 
control transistor connected to the conducting multivibrator 
transistor is held at cutoff by the low saturation voltage of 
the collector to which it is connected, while the other is 
held cutoff by the high reverse bias at the non-conducting 
collector. Since their emitters are connected directly to 
ground, when triggered, they develop a shut-off pulse which 
stops the conducting transistor from operating and causes 
the switching. For exemple, assume Ql heavily conducting, 
with its base held negative by the feedback from R2. Q4 is 
testing reverse biased awaiting the control trigger. When 
the negative contro! trigger (input 2) arrives, the base of 

4 is driven negative and this forward bias causes the 
transistor to conduct through R2. Flow of collector current 
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in Q4 develops a positive swinging pulse across R2 and 
drives the base of Q1 positive to cutoff. Thus Q] is 
stopped from conducting. Transistor Q3 operates similarly, 
assuming Q2 conducting and Q1 cut off, the negative input 
to Q3 (input 1) causes collector conduction and produces 

@ positive pulse across Rl, thereby driving Q2 base posi- 
tive to cutoff, and switching QI! into conduction by the 
feedback developed as the collector of Q2 rises towards 
the negative supply at cutoff. 


FAILURE ANALYSIS. 

Partial or No Output. A no-ouptup condition can only 
be caused by a lack of bias voltage because of a blown 
fuse or defect in the supply, or because both transistors 
QI and Q2 or load resistors Rl and R2 are defective. If 
either Q1 or Q2 is operable and either Pl or R2 is not open, 
a single unswitched output will be obtained, since the cir- 
cuit has two states of operation. First check the supply 
voltage with a high resistance voltmeter to ascertain that 
a blown fuse or defective power supply isnot at fault. 

Then check the collector voltage to ground. Transistors 
Q1 and Q3 will show either a high negative voltage or prac- 
tically zero voltage depending on whether or not Q1 is con- 
ducting, while Q2 and Q4 will produce exactly the opposite 
indication under normal operation. If both Q1 and Q2 in- 
dicate either a low voltage or a high voltage, one or both 
of the transistors is at fault. Use an in circuit transistor 


checker to locate the defective one. In the absence of a SS 
transistor checker usé an ohmmeter, and check the forward 

and reverse resistance of the emitter and collector junc- rh 
tions with the bias removed. The forward resistance should a 
be camsiderably lower than the reverse resistance. Replace 2 


any defective transistors with known good ones. Since 
control transistors Q3 and Q4 shunt the multivibrator tran- 
sistors, if defective, the output will also be shunted to 
gtound. If inoperative, there will still be a single output 
and the stage will not change state. If they are simultane- 
ously shorted, there will be no output and both Q1] and Q2 
collector voltage will be almost zero. If only one is 
shorted there still will remain a single output which cannot 
be switched by application of an input trigger. 

Reduced Output. A reduced output is usually caused by 
low collector voltage, improper bias, or a defective transis- 
tor. Any change in the resistance of collector load resistors 
Rl or R2 will also affect the output amplitude. Use a high 
resistance voltmeter to check the supply and collector 
voltages, and measure the resistance of Rl and R2 with on 
ohmmeter. If the voltages are normal and both Rl ond R2 
are of proper value the transistor must be atfault. Check 
the beta of both transistors with an in-circuit checker to 
determine which has a loss of gain, or use an oscilloscope 
to locate the low output waveform and associated transistor. 

Incorrect Frequency or Gate Width. The direct-coupled 
multivibrator has no parts governing the intemal frequency 
or width of the output gate signal; these are solely con- 
trolled by the input triggers applied to the circuit. Tnere- 
fore, any change in output gate frequency or width can only 
be a direct result of improper operation of the turn-on or 
turn-off trigger generating circuits, not the multivibrator. 
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SQUARING MUL TIVIBRATOR CIRCUIT. 


APPLICATION. 

The squaring multivibrator, also known as the Schmitt 
trigger or emitter-coupled bistable multivibrator, is 
primarily used to supply a square or rectangular output 
when triggered by a sine-wave, sawtooth, or other irreg- 
ularly shaped waveforms. 


CHARACTERISTICS. 

May be self or fixed biased, 

Has two stable (bistable) states of operation (one 
transistor conducts while the other is cut off, and vice 
versa). 

Provides a symmetrical output gate regardless of input 
waveform. 

Collector to base feedback provides one switching path, 
while common emitter coupling feedback provides the other 
switching path. 

Uses common emitter configuration. 


CIRCUIT ANALYSIS. 

General. 
bistable multivibrator circuit in that one of the coupling 
(feedback) networks is replaced by a common emitter re- 
sistor {the equivalent of cathode coupling in the electron 
tube), The additional regenerative feedback developed by 
the common emitter-feedback coupling arrangement provides 
quicker action and straighter ieading and trailing edges on 
the output waveform than in other multivibrators. Because 
of the relatively instantaneous switching action of this 
arangement, the waveform of the input trigger has no 
effect on the output so thet essentially square-wave output 
signals are always produced, 

Circult Operation. The schematic cf c typiccl Schmitt 
type squaring circuit is shown in the accompanying 
illustration. 


“Yee “Vee 


PNP Squaring Multivibrator 


CHANGE 1! 


The Schmitt circuit differs from the conventional 
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Transistor Q2 is the initially conducting transistor, 
which is supplied with forward base bias by resistor net- 
work R2, R3, and R5 connected as a voltage divider between 
the negative voltage supply and ground. Capacitor Cee and 
base resistor R1 form a conventional R-C input coupling 
circuit. Resisior A4 is ile feedback {voupling 
which is common to both emitters, and H6 is the collector 
resistor of Q2 across which the output waveform is 
developed. Capacitor C3 bypasses feedback resistor R3 
to help speed up switching action. 

Initially, transistor Q2 conducts heavily because of 
the large forward bias supplied by the voltage divider 
consisting of collector resistor R2, feedback resistor 13, 
und base resistor RS, setles-connected between the nega: 
tive supply and ground. A reverse collector bias is applied 
Gi through R2, and o reverse emitter-bias is developed 
across the common emitter resistor R4 by Q2 current flow. 
Base current flow through R] is also in a direction which 
produces a reverse base bias on Q1, so that Q] cannot con- 
duct until triggered. Thus, Q] remains cutoff, while Q2 con- 
ducts. With Q2 conducting, a positive-gaing output voltage 
is developed across collector resistor 6 which lowers the 
effective collector voltage of Q2 to almost zero. No output 
coupling capacitor is shown since the circuit may be direct 
coupled to the following driver stage, if desired. 

Assume now a sine-wave input signal is applied to Cec. 
During the positive half-cycle of operation the positive 
input voltage applied across Ri keeps QL teverse biased 
so that it cannot conduct. Since im this cun: 
output is developing a positive signal similar to that 
through initial conduction, as explained previously, it is 
evident that the input and output are in phase. When the 
input signal swings negative during the opposite half- 
cycle of operation, a negative voltage appears across Ri 
as Cee discharges. The base of Q1 is thereby driven 
negative and forward biased, starting collector current flow 
through R2. The direction of electron flow is such that the 
collector end of R2 becomes positive (as marked on the 
schematic), and this instantaneous positive swing is coupled 
through Cl to the base of Q2, appearing as a positive 
reverse bias which instantly stops current flow through Q2. 
‘the reduction of collector current flow through R6 produces 
a voltage of opposite polarity te that shown on the schematic, 
that is a negative output voltage, as the collector of Q2 
tises towards the supply voltage (time t, to 1, on the wave- 
form iliustraticn), 
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Typical Input and Output Waveforms 


Although R3 connects the collector of Q1 to the base 
of Q2, and any voltage appearing on the collector of Q1 
will also eventually appear on Q2 base, a speed up of 
this action is obtained by bypassing 3 with capacitor 
Cl. Thus, the high frequency components of the collector 
signal are not slowed up by the resistance of R3 so that 
switching action is faster than without Cl. 

Consider now the effect of the common coupling re- 
sistor (R4) in the emitter circuit. Initially the heavy 
current through Q2 produced a negative drop across Rd, 
as marked on the schematic. This negative emitter bias 
which is degenerative, because no bypass capacitor is 
employed, also tends to prevent Q2 current flow. However, 
the base bias of Q2 is much larger and the degenerative 
emitter voltage produced across R4 has little effect on 
Q2 collector current flow. However, Ql is already at 
cutoff, and this additional negative emitter bias ensures 
that it remains so until sufficient base input is applied 
(on the next half-cycle) to overcome this reverse bias. 

With the collector current flow of Q2 reducing, the de- 
generative voltage developed across R4 also reduces, 
which is the same as applying an increasing positive 
voltage between emitter and ground. Thus, while the base 
of Q1 is driven in a forward-biased direction by the input 
signal, a regenerative feedback is developed in the emitter 
circuit by the reduction of Q2 current flow. Consequently, 
transistor Q1 is quickly driven into heavy conduction near 
saturation. The resulting instantaneous positive swing 
developed actoss R2 is instantly applied through C1 to the 
base of Q2, and quickly drives Q2 to cutoff. The circuit 
now rests in its second stable state (interval t, to t,) until 
another trigger arrives to drive Q2 into conduction and 
cut off QL 

When the input signcl again swings in a positive 
direction (time interval t,), the positive voltage appearing 
actoss Fl causes c reverse bias to be applied C1 base 
and reduce collector current flow through R2; this produces 
a negative swinging voltage across R2, which is applied 
to the bese of Q2 through capacitor Cl. The negative swing 
forward-biases Q2 and starts it conducting, and deveiops a 
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positive-going voltage swing across R6 to provide an in- 
phase output voltage. Simultaneously, the increased ne 
gative emitter (reverse) bias developed across feedback 
resistor R4 further stops conduction in Ql. This regenera- 
tive feedback action quickly drives G2 to collector satura- 
tion and Q1 to cutoff, whereupon the rising negative collector 
voltage of Q] applied tobase of Q2 through Cl and R3 
holds Q2 strongly conducting despite the degenerative 
emitter voltage developed across R4 (time interval t, to 
t,). This is the initia! order of conduction and the tran- 
sistor awaits the next trigger (at time t,) to turn off Q2 and 
turn on Ql. Because of the extreme regenerative action of 
the emitter-coupled circuit, once started, the switching 
action is quickly accomplished, and the shape of the input 
trigger has no effect in determining the output waveform, 
Cutoff and turn-on is sharp and the sides of the waveform 
ate steep. The width of the output waveform like the 
other bistable multivibrators is controlled by the difference 
in time between the off andon pulses. When symmetrical 
and equal a true square wave is produced. 


FAILURE ANALYSIS. 

Constant or No Output. Lack of supply voltage, an 
Open common emitter resistor, or defective transistors 
are about the only three items which can cause a no out- 
put condition, since at least one steady output can always 
be obtained if any voltage is present. Check the supply 
voltage with a high resistance voltmeter to make certain 
that a blown fuse or defective supply are not at fault. 
Since R4 connects both transistors to ground and they are 
reverse collector biased, no conduction will occur if R4 
is open, and a steady negotive output will be obtained. 

A zero emitter to ground voltage reading will indicate that 
R4 should be replaced. If a steady positive, or near zero 
but constant voltage is obtained, Q1 is probably defective 
and should be replaced with a known good transistor. On 
the other hand if Q2 is shorted the same indication 

would occur. Likewise, if Q2 is open a steady negative 
output voltage would be obtained through R6. It is 
evident that it is rather difficult because of the feedback 
and direct connections in this type of circuit to obtain a 
specific indication which conclusively points to only one 
cause of trouble. Therefore, a simple voltage check plus 
a resistance analysis of the few parts involved should 
quickly locate the defective component. If the voltage 
and resistance are correct but an unswitchable steady 
output is still obtained, check that an input trigger is being 
received on both sides of coupling capacitor Cee, using 
an oscilloscope. 

Reduced Output. A reduced output can occur because 
of low supply voltages, improper bias voltage, or defective 
transistors. Check the supply and bias voltage with a high 
resistance voltmeter. Use an incircuit transistor checker, 
or check for a low forward-resistance and a high reverse- 
resistance with an chmmeter. 

Incorrect Pulse Width or Frequency. Like the other 
bistable multivibrators, an effect on frequency or pulse 
width is controlled by the time difference between the on- 
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and off-triggers. Thus any faulty operation of this type is 
due solely to defects in the trigger generating circuits 
and not the multivibrator. 


SATURATING MULTIVIBRATOR. 


APPLICATION. 

The saturating multivibrator is used to supply a rec 
tangular gate, or trigger, in radar and control applications, 
and in the logic switching circuits of computers and similar 
devices. 


CHARACTERISTICS. 

Usually uses fixed bias. 

Provides two outputs simultaneously, one the inverse 
of the other. Requires a turn-on or tum-off trigger to change 
state. 

Has two (bistable) stable states (one transistor con- 
ducts while the other remains cut off and vice versa). 

Output power is considerably lower than that of the 
nonsaturating type. 

Operating speed is slower than the nonsaturating multi- 
vibrator, 


CIRCUIT ANALYSIS. 

General. In the saturating multivibrator, the emitter 
and collector voltages are lower thon the base voltage and 
there is only a few teniis of « voli difference between 
them. Consequently, it takes more driving power in this 
saturating circuit, as compared with the nonsaturating 
circuit, to drive the stage out of saturation (a larger trigger 
is required), The output voltage is also less, Thus, 
while a certain amount of stability may be imparted by 
saturated operation the gain and speed suffer, The aain 
is limited by the low saturation voltages, and the speed 
by the amount of time required to obtain hole dispersion 
(the extremely heavy saturation current injects extra holes 
in the base, which require a finite recovery time to remove 
them). As a result, the saturated circuit is used where 
its simplicity makes it more economically feasible than 
the non-saturating type. 

Cirevit Operation. The schematic of a typical saturated 
multivibrator is shown in the accompanying illustration. 
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Saturated PNP Multivibrator 


Fixed bias is applied by a voltage divider arrangement, 
consisting of Rl, R3, and R6 for transistor Q2, and R2, 
R4, and Ro for Q1, connected between the negative supply 
and ground, Feedback resistors R2 and R4 are bypassed 
by capacitors Ci and C2, respectively, to speed up 
response. An output is taken from each collector, and 

the input trigger is applied across emitter resistor R7, 
which is common to both transistors, This circuit 
atrangement is that of the conventional bistable multi- 
vibrator arranged for common emitter trigaeting. 

In the quiescent condition, with no trigger applied, both 
transistors conduct immediately when the supply voltage is 
applied, since they are both forward biased through voltage 
dividers to the negative supply. Although the circuit is 
symmetrical, thot is, the collector, feedback, and base 
resistors are all of equal values to minimize any unbalance, 
there still exists a slight ditterence in base resistance 
between transistors of the same types. Thus, one tran- 
sistor always tends to conduct more heavily than does 
its counterpart, and through feedback from the collector 
to the opposite base drives the associated transistor to 
cutoff, and itself to full conduction, Assume for the sake 
of discussion the normally-on transistor is Q1, while Q 
as the normally-oil transistor, From time t, tu i, (as shown 
con the accompanying waveform illustration) the initial 
conduction is established as previously expluined, so 
tharct time, te ML j his t 
off. Since the turn-off input trigger at this time is stopping 
Q2 there is no effect and the circuit rests in its initially- 
on state until time t,. 
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During the interval from t, to t, a continuous positive 
(reverse) bias exists at the base of Q2 due to base 
current flow from ground through R6, producing a voltage 
drop of the polarity shown on the schematic (this current 
is actually produced by reverse collector current Iceo}. 
Thus, with reverse base bias and a reverse collector bias, 
Q2 remains cut off until the next turn-on trigger arrives. 
Since no collector current flows through R2 the collector 
of Q2 rises towards the value of the negative supply 
voltage and drives Q1 base in a forward-biased direction, 
causing heavy conduction through Q1. The heavy collector 
current drops the voltage across R1 to almost zero, and a 
positive-going output is produced at A, while a negative 
output from Q2 is praduced at terminal B. Once saturated, 
the collector voltage of Q1 is less than the base veltage 
fed back from Q2. With high current but low voltage, the 
power dissipation of the transistor is well within ratings 
{one advantage of saturated operation is the low collector 
dissipation involved). They heavy emitter current flow 
through the common, emitter-coupling resistor R7 places 
a large degenerative voltage on the emitter of Q2 which 
effectively reverse-biases Q2. Thus Q2 is held in its off- 
state, regardless of whether or not the off peried is long 
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enough for Cl to discharge. The only effect on operation 
that Cl has is that of speeding up the switching operation 
by shunting the high frequency transients around H3 to 
help speed up turn-on, of turn-off, switching action. 

When the negative trigger is applied at t, the emitter 
of Qlis driven negative, which is the same os driving 
the base positive to reverse bias the transistor. Since 
transistor Q2 is already reverse-biased, this trigger has 
no effect on Q2, only on Q1. Consequently, the collector 
and emitter current of Q] is reduced. This reduction of 
collector current produces a negative-swinging voltage 
across collector resistor Rl, and through C1 to the hase of 
Q2. The instantaneous negative swing applied to the 
base of Q2 drives Q2 in a forward-biased direction, ond 
causes collector current flow through collector resistor R2. 
The voltage drop across R2 produced by the increasing 
collector current reduces the collector voltage, effectively 
producing a positive-swinging voltage at the collector, 
which is fed back through capacitor C2 to the base of Ql]. 
The positive-swinging voltage drives the base of Q1 
instantaneously in a reverse-biased direction and causes 
a further drop in collector current. The regenerative feed- 
back action continues smoothly and quickly until Q2 is 
driven into collector saturation (collector voltage bottoms), 
while Ql] is cut off, While this regenerative feedback 
and switching action occurs, c degenerative voltage is 
developed across common resistor 7 in the emitter cir- 
cuits of both transistors. Although this degenerative 


emitter voltage normally is of such polarity as to oppose ’QyQ 
the increase of current, it is not of as great an amplitude <a 
as the feedback voltage developed across RS which is 3 
driving Ql to cutoff, or the feedback voltage developed aK 


across Rl which is driving Q2 into conduction. It does, 
however, aid in obtaining collector current cut off on Q1 
since the transistor is already being driven in that direction. 
and eventually reaching saturation. Because the heavy 
collector saturation current of Q1 produces extra holes 
in the base of Qi, transistor Q1 does not stop conduction 
immediately when its base voltage is driven positive and 
base current flow is stopped. But instead, the collector 
current continues to flow for a finite interval, even 
though there is no forward bias on Ql, until the holes 
core removed from the base of Q] and cut-off prevails. 
With no collector current flow, the collector of Qi rises 
in a negative direction towards the full supply voltage, 
and a negative output is produced at terminal A. Mean- 
while, as Q2 conducts heavily saturated, the collector 
current is almost zero, and a positive output voltage is 
produced ot terminal B by the voltage drop across collectot 
resistor R2 of Q2. Conditions are now exactly opposite 
the original state and Q2 rests in the on-state (interval 
t2 to +3), while Q1 rests in the cutoff state awaiting a 
negative turn-on trigger at time t3. 

When the tum-on trigger arrives at time t3, the emitter 
of Q1 and Q2 is driven negative. Since Q! is already in 
a non-conducting state the trigger cannot further stop 
conduction so it has no effect on the operation of Ql. 
However, the trigger does drive Q2 in a reverse-biased 
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direction (a negative emitter trigger has the same effect 

as a positive base trigger), and causes a reduction of 
collector current flow through R2. Immediately a negative 
swinging voltage is developed across R2 ond applied 
through C1 to the base of G1, which drives Q1 in a for- 
ward direction towards saturation. The increasing 


ont flow throuch Rl. a 
ent flow through Ail, a 


positive-swinging collector voltage which is opplied 
through C1 te the base of Q2, further driving Q2 in a 
teverse biased direction and further reducing collector 
current flow. This regenerative switching action is 
smooth, continuous and relatively fast so that except 
for a slight deley caused by hole storage, as explcined 
previous ly 
the switching is considered to be almost instantaneous. 
When Q1 reaches saturation and Q2 is completely cutoff, 
minimize hole storage time and produce speedy operation, 
even as high es 20 megacycles. Thus, the tendency is to 
use saturated circuitry generally for its simplicity and 
economy. Non-saturated circuits are usually only used 
when output power requirements call for more power than 
can be produced with saturated circuits. 


collector 


coector n produces ¢ 


n produces a 


ie 4 4. 
the opposite condition of conduction in Qi, 


FAILURE ANALYSIS, 

General. When making voltage checks use a vacuum-tube 
voltmeter to avoid the low values of shunting resistance 
employed on the low voltage ranges. Be careful also to 
observe proper polarity when checking continuity with an 
ohmmeter, since a forward bias through any of the tran- 
sistor junctions will cause a false lowresistance reading. 

Partial or Steady Output. Failure of one half of the 
circuit to operate will produce a partial output in the 
form of a steady single polarity output. Failure of the 
supply voltage, or emitter resistor R7, are about the only 
two possibilities of obtaining no output at all. Because 
of the feedback connections it becomes rather difficult 
to isolate the trouble by symptom along. It is quicker to 
make a voltage check and determine if the supply voltage 
is present, and that no fuse or power supply is at fault. 
Then use an ohmmeter to the stage again rests in the 
original conducting state awaiting a tum-on trigger for Q2 
te change operation (interval :3 to t4). Meanwhile, a 
positive output is developed actoss R2 and applied output 
terminal B, while c negative output is developed.across 


Fl and applied to terminal A. 


Practically all the non-clamped multivibrators are of 
the saturated type, since clamping the waveform to oper- 
ate within the normal operating region of the transistor 
hen used as an 4 


ase drive is allowed to dra’ 
the transistor collector voltage bottoms, saturation will 
always occur. Therefore to produce the unchanging steady 
current represented by the flat top of the output pulse 
there must be no further change of collector current. 

in the simple multivibrator this is achieved by collector 
current saturation, and in the more complicated types of 
a ea by clamping diodes. At the time transistors 


2 copied to this tyne of 
cred and applied to this type cf c) 
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hole storage time effects caused a serious limitation in 

the speed of operation at which practical multivibrators 
could be made to operate. At the present state of the art, 
however, special switching transistors have heen developed 
which check for continuity and proper resistance values 

to locate the defective part. 


Tf cither collector re: 


or Kl or K2 is open, no 
If either collector resistor H! or K2 is open, 


collector volt age will appear on the associated transis- 
tor, Ql or Q2, respectively, and the bias voltage div- 
ider will be open. Therefore, the other transistor will be 
effectively cutoff biased by the floating base, and the 
normal reverse collector bias. With no conduction, a 
single negative output will be produced while the other 


a Pile gemmeccles Bernat alle Te 
output will be coro duc to the open colccter circuit. In 


the event emitter resistor R7 which is common to both 
transistors opens, there will be no flow of current throuati 
either transistor, but a negative output will appear at both 
output terminals since the transistors will, in effect, 
operate as if both were biosed to cutoff. Thus, bath 
collector voltages will rise to the full value of the supply. 
Therefore, if either transistor fails, or both fail, a nega- 
time output will be produced. 

Normal voltage indications on the base and collector 
elements of the transistors usually indicates that any 
associated series resistors have continuity and proper 
value. However, it is just as easy to check the resistance 
of each resistor with an ohmmeter because of the few 
parts involved. Since it is important to check that the 
proper polarity and amplitude of input triager exists and 
that it is present, use an oscilloscope to observe the 
waveforms. When the waveforms cre improper or missing 
it locates the genercl area of the trouble, which must 
then be further localized by voltage and resistance checks. 

Reduced Output. A reduced output is usually caused by 
low collector voltage, improper bias, or a defective 
transistor. A change in the associated coliector load 
resistor, Rl or R2, will also affect the output amplitude. 
Use an oscilloscope to observe the waveforms and deter- 
mine where the reduced amplitude exists. Then check for 
proper bias and collector voltage in that portion of the 
circuit, and make certain that the collector resistance 


is normal, If r 


| voltages areipresestiond'the:collectar 
resistance is within tolerance, and a low output amplitude 
still exists, it must be becuuse uf reduced trunsistor 

Replace the dou! 


cur StOrs “a 
ones. 
Incorrect Frequency or Gate Width. Since the muiti- 


vibrator has no parts whicn govern the frequency or width 


‘riggers! app. to the 
perameters must be the direct result o 
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APPLICATION. 
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and in the logic switching circuits of computers and similar 
devices, Particularly where a large power output is re- 
quired. 


CHARACTERISTICS. 
Usually uses fixed bias. 
Provides two simultaneous outputs, une is the inverse 
of the other. 
Requires a turn-on or a tum-off trigger to change state. 
Has two stable operating states (bistable). 
Output frequency is one-half that of the trigger frequency. 
Output power is greater than that of the saturating type. 
Operating speed is faster than the saturating multi- 
vibrator. 
Uses clamping diodes to prevent saturation effects. 


CIRCUIT ANALYSIS. 

General. The nonsaturating multivibrator uses clamping 
diodes to stop collector saturation, and steering diodes to 
make certain the proper trigger is received, thus avoiding 
false triggering. In the circuit discussed below breakdown 
diodes are also used to prevent forward biasing of the col- 
lector which would cause saturation. Consequently, the 
transistors operate in the normal operating region (over the 
linear portion of their tansfer curve), Basically the circuit 
is that of a conventional emitter-coupled bistable multi- 
vibrator, with the steering, clamping, and breakdown diodes 
added. 

Circuit Operation. The schematic of a typical nonsaturat- 
ing multivibrator is shown in the accompanying illustration, 


TRIGGER-IN 
NPN Nonsaturating Multivibrator 
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Resistors R] and R2 are the collector resistors of 01 
and Q2, respectively. The collector to base feedback net- 
works are C2 and RS, and C4 and R6, with the common 
coupling-emitter resistor R8, bypassed by C5 to prevent 
degeneration. Resistors R7 and R9 are the base return re- 
sistors. The clamping diodes are CRI and CR2 which 
shunt R3 and R4. Diodes CR3 and CR4 are the respective 
steering diodes of Ql and Q2. Breakdown diodes CRS and 
CR6 are saturation limiters which prevent the collector volt- 


age of Q] and Q2 from being forward biased when conducting, 


Input triggering pulses are injected at input terminal I (con- 
nected for parallel triggering), while terminals A and B are 
the output terminals from which the square wave output is 
taken. Transistor Q2 is considered to be the normally-on 
transistor, while Q] is normally-off. When the negative in- 
put trigger is applied to the base of Q2, these conditions 
are reversed and Q2 is turned off, while Q] is turned on. 
When the next negative trigger is applied to the base of Ql, 
the circuit reverts back to the initial state of operation, with 
Q1 off, and Q2 on. 

In the absence of an input signal, both transistors 
initially conduct. Although the multivibrator circuit is sym- 
metrical (corresponding resistors have the same value), 
there is always a slight difference in collector resistivity 
between transistors of the same type, so that one transistor 
will conduct more heavily than the other. In turn, the heav- 
ier-conducting transistor produces a feedback voltage which 
cuts off the light-conducting transistor. Assume for the 
sake of discussion that Q1 is initially in the off-condition 
while Q2 is in the on-condition. 

In the quiescent condition, then, Ql is effectively at 
cutoff, or at its lowest limit of conduction held by a nega- 
tive, reverse-bias feedback voltage from the collector of 
Q2 via R-C network RS, C2 (NPN transistors require a nega- 
tive bias voltage for cutoff), With no collector current flow- 
ing through Ri, the collector of Q1 is at a high positive 
voltage near the supply value (reverse-biased collector), 
and both steering diode CR3 and clamping diode CRI are 
held in a reverse-biased condition. At the same time, the 
negative feedback voltage produced by collector current 
flow through R2, and applies through C2 and R5 holdsbreak- 
down diode CRS in a forward-biased condition but cuts off 
the base of Ql. Ina similar manner, the emitter bias devel- 
oped across R8 and C5 holds the emitter-base junction of 
Q1 in a reverse-biased condition preventing conduction. 
Meanwhile, a positive feedback voltage from the collector 
of Ql] is applied via C4 and R6 to the base of Q2 through 
breakdown diode CR6. Because of the high reverse voltage 
(collector of Q] is near supply level), breakdown diode CR6 
conducts in a reverse direction and maintains a constant 
forward bias on Q2, which causes heavy current flow but 
not collector saturation, The heavy collector current flow 
through collector resistor R2 develops a negative-going 
voltage which is applied to terminal B as an output, simul- 
taneously with the positive output from terminal A. As Q2 
collector current increases, the voltage drop across R2 in- 
creases also, and the collector voltage of Q2 teduces becom- 
ing less positive. Since steering diode CR4 is connected 
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to the collector of Q2 through R4, when the collector volt- 
age drops lower than the positive feedback voltage devel- 
oped across R] (which is applied through R6 to the anode of 
diode CR4) the diode becomes forward-biased and conducts, 
and as the collector voltage drops further CR2 eventually 


conducts. The collector of Q2 is now connected through 


the two diodes to the cathode of breakdown diode CR6 and 

the junction of R6. As long as the breakdown diode maintains 
a constant potential between the base and collector of Q2, 
the collector voltage cannot fall Jower than the base volt- 
age. Therefore, the coliector cannot be forward biased and 
saturation cannot occur, Although the collector current may 
still increase if additiona! base current drive :s supplied, 

the collector potential remains constant ot th 
mum value. The operating range of Q2 (and later Ql) then; 
is from the minimum value of collector voltage to almost 
full supply voltage ct cutoff. The stege is nov 
tial conducting of on-state with Q2 cunducting und Ql off, 


Aare 


and resis in this condition until a tutn-vif trigger is ieceived. 


in its ini- 
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to tne cathode of diode CH3 and simuitaneousiy to CR4 via 
C3. Since Q1 is nonconducting and the base is aiready 
negative, no eftect 1s telt on G1. However, when tne mega: 
threday CR4 and fe and appears on 


tive pulse oasses 
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tent flow through R2. As the collector current decreases, 
the drop across R2 is reduced and the collector voltage be- 
comes more positive. This positive-going voltage is applied 
as feedback through C2 and R5, causing breakdown diode 
CRS to conduct in a reverse direction, and arivang | the base 


SGOuia fevard-Biesedidivccdca. Gellesten cy 


flows through Rl and produces a negative-qoing voltage 
which is applied through feedback network C4 and R6 to the 
base of Q2 through breakdown diode CR6. Thus Q2 is driven 
further in a reverse-biased direction, and a larger turn-on 
voltage is fed back again to the base of Q} by the increas- 
ing collector current flew through Rl. The regenerative 
feedback continues smoothly and rapidly until Q] is fully 
conduc! rumed-ott, “lhe 
its second stabie state (interval t, to t,) until triggered off 
again at time t,. When Q1 conducts, diodes CR3 and CR} 

are activated similarly to diodes CR2 and CR4 in the dis- 
cussion of UZ operation, so that CRS, CR3, and CRI] con- 
tinue to conduct, while a negative output pulse is produced 
at terminal A. With Q2 held at cutoff by feedback from Ql, 
a positive square-wave output pulse is obtained at terminal 
B as the collector voltage of Q2 rises toward the full supply 
value. In this instance, the emitter bias developed across 
R& by conduction cf Q] keeps Q2 emitter reverse-biased, 
while breakdown diode CRS maintains a constant difference 
in potential between the base and collector of Q1. Thus, 
while additional current may be drown through Q) if the base 
current drive mncredses the collector voltage remains steady 


gq while tis cuit now rests in 


minimum clam votentia!. If additional 
minimum clamped potential. If additional currant is 


required, it is supplied through the shunt diode circuit from 
the cut-off side of the circuit via R2, and R5. Since any 
additionai buse current supplied at this trme would cause 
only a smali increase of collector current this shunting 
action will not appreciabiy reduce the output voltage devel- 
oped across R2. But, what is more important, is that ad- 
Sitional collector ¢: 


the collector of Q1 to zero and cause saturation. At time 
t,, the next negative trigger is applied through Cl, and CR3, 
and CHS, to the base of J], reducing the tlow at collector 
current because of the reverse bias it applies. Subsequent- 
ly, the previously discussed cycle of feedback through C4 
end ib occurs, ariving the base cf YZ into conduction, ana 
produces additional feedback through C2 and R§ to drive 
the base of Q) in the off-direction. Thus time t, corre- 


rough R] cannot occur and drop 


C3, ai ievetse-biuses the sieiing diudes ut 


triggering point in the circuit. After the puise ceases, the 


1 either CH 


the trailing edge ot a negative trigger is also elir 
this fashion providing a fast recovery time. Diodes CR? and 
resistor R]0, shown in dotted lines in the schematic, are 

trigger shaping devices te allow speedy triggerin: 
ssarily 9 part of the muluvibrator. Res 


they are 
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cannot occur. Diode CR7 acts as a gate for negative trig- 
gers and shunts them around R10 to avoid any attenuation, 
while forcing any positive excursions to travel through R10. 
Feedback capacitors C2 and C4 function only to pass the 
high frequency component of the switching transients from 
collector to base without attenuation. Thus the switching 
action is speeded up, and the output waveform has steep 
leading and trailing edges rather than sloping sides pro- 
duced by slow switching action. 

Although clamping and steering diodes provide improv- 
ed operation, it is possible to design nonsaturating multi- 
vibrators using the standard saturated multivibrator circuit 
with different values of component parts. In this case, parts 
values are chosen so that saturation does not occur. It is 
also of interest to note that, while the saturated circuits 
use heavy currents at very low voltages the dissipation is 
Jess than that involved in the nonsaturating circuit, which 
uses near-saturation currents at higher voltages with 
a consequent increase in average collector dissipation. 
Therefore, the nonsaturating circuit usually requires tran- 
sistors with higher ratings. 


FAILURE ANALYSIS. 

General, When making voltage checks, use a vacuum- 
tube voltmeter to avoid the low values of shunting resist- 
ance employed on the low voltage ranges. Be careful also 
to observe the proper polarity when checking continuity with 
an ohmmeter, since a forward bias through any of the tran- 
sistor junction will cause a false low-resistance reading. 

Partial or No Output. It is necessary that the proper 
polarity and amplitude trigger be applied before the circuit 
will switch from one state to another. However, it will rest 
in one stable state and produce a single output if unable to 
tespond to a trigger, or if disabled. Use an oscilloscope to 
determine that the proper tigger is applied, and then check 
the element voltages to determine if the circuit is otherwise 
normal, Check the supply voltage first to make certain the 
fault is not in a blown fuse or defective power supply. With 
the normal voltages present and a proper trigger at the input, 
if switching will not occur check steering diodes CR3 and 
CR4 to see if they pass the pulse. If not, replace the 
defective diode with a known good one, Should emmitter 
tesistor R8 which is common to both Q] and Q2 open, neither 
wil] function but a dual positive output will be obtained 
from terminals A and B since they will rise to the full value 
of the supply voltage. Failure of breakdown diodes CR5 
and CR6 will allow saturation to occur, but will not prevent 
obtaining an output. When the collector voltage is found to 
be lower than the base voltage the associated breakdown 
diode is inoperative and should be replaced with one known 
to be good. 

Low Output. Low collector voltage, improper bias, 
failure of the breakdown diodes, or the transistors them- 
selves can cause a low output. If emitter bypass capacitor 
C5 is open, degeneration will cause a reduction of output. 
Use an in-circuit capacitance checker for this test. A 
change in the associated collector load resistors, R) or R2, 
will also effect the output amplitude. Use an oscilloscope 
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to observe the output waveform and determine where the 
reduced amplitude exists. Then check for the proper bias 
and collector voltage in that portion of the circuit. If normal 
voltage is present and the collector resistor is within 
tolerance, but low output amplitude still exists it must be 
caused by reduced collector current. Replace the doubtful 
transistors with known good ones. 

Incorrect Frequency or Gate Width. Since the multi- 
vibrator has no parts which govern the frequency or width 
of the output signal, these are both governed by the input 
triggers applied to the circuit. Hence, any change in these 
parameters must be the direct result of improper operation 
of the turn-on or turn-on or turn-off trigger generating cir~ 
cuits. 


RELAY CONTROL MULTIVIBRATOR. 


APPLICATION. 

The relay control multivibrator is used in computers and 
electronic switching circuits to control a relay or similar 
electromechanical device where the ratio of the on-off cur- 
tents is 10 or more. 


CHARACTERISTICS. 

Usually uses fixed bias, 

Requires a turn-on and a turn-off trigger to change state. 

Has two stable states (bistable), 

Operates at a frequency of one half the trigger pulse 
frequency. 

Is a saturating type of multivibrator. 

Uses steering diodes for stability. 

Inductive kickback from the relay coil is prevented by a 
diode clipper. 

Operating speed is limited by the relay cperating speed, 


CIRCUIT ANALYSIS. 

General. In the relay control multivibrator, one tran- 
sistor is used to operate the relay, with a pull-in to drop-out 
current ratio of approximately 15 to 1. A rectangular output 
is simultaneously obtained from the other transistor; a 
positive output is obtained with the relay closed, and a 
negative output with the relay open. Steering diodes are 
provided to prevent false triggering and a protective diode 
is placed across the relay operating coil to prevent induc- 
tive operating transients from affecting the transistor to which 
the relay is connected. 

Circuit Operction. The schematic of a typical relay 
control multivibrator is shown in the following illustration. 
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NPN Relay Control Multivibrator 


As can be seen from the schematic, relay K} 1s operated by 
transistor Q], while Q2 provides a rectangular output voli- 
age. The negative input trigger is applied through attenuat- 
ing resistors RQ or R10 and capacitors C3 or C4 to turn off 
the conducting tra! t. Resistor 24 is the collector re- 
sistor for Q2, while the relay coil of Ki functions similarly 
for Ql. The feedback network for Q] consists of C2 and R3, 
while Q2 is held in conduction by a voltage divider arrange- 
ment of R] and R2 together 
CR2 prevents the collector veltage swi 
coil Ki from supplying the feedback to operate { 
tors R6 and R? are the base bias resistors. Note that fixed 
bias is supplied from a separate base bias source, and that 
two different collector supplies are used, witn that of (1 
(Vec,) being the lowest, 
Normally, trans. 
while Qi is cut off. initially, both transistors will conduct, 
but with bias voltage divider Rl, R2, and R7 connected 
hetween the high positive voltage of Vee, and negative hase 
bias supply Vbb, a positive (forward) bias exists on Q2 
base. Therefore, Q2 conducts heavily and develops a nega- 
tive-aoing veltage across collector resistor 4, w 


fed back through C2 and R2 to the base of QI, driving it 
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into cutoff. As the voltage across K] coil rises to the sup- 
ply value of Vee,, diode CR2 is reverse biased and prevents 
any feedback from the collector of Q1] to the base of Q2. 
The negative feedback voltage on Q} base holds NPN 
transistor Q] in a non-conducting condition with only a smali 
reverse-collector current flow through K] relay coil. At 
this time, any voltage drop across K] places a positive 
bias on protective diode CRI to keep it reverse-biased and 
nonconducting. As long as the cathode of diode CR2 re- 
mains at the positive level of Vec,, and as long as the volt- 
age drop across R] keeps the anode lower than the cathode 
voltage, CR2 also remains in o nonconducting condition. 

When a negative triager is apolied to the reset input 
terminal through HU and U4, the base of Gz 1s momentarily 
driven negative by the conduction of steering diode CR4, 
and causes Q2 to stop conducting. Thus, as the forward 
bias on 92 is reduced by the input trigger, the collector 
current voltage drop across R4 reduces (becomes positive- 
going). 

The feedback of the positive-swinging collector voltage 
through C2 and R3 to the base of Q] produces a forward 
bias which causes Ql collector current to increase. The 
flow of Q] collector current through the relay coil of Ki is 
of a polarity which keeps CR] reverse-biased. CR2 also 
temains reverse biased, until the collector potential of Q] 
drops below the anode potential applied through Rl and R2. 
As Q2 collector current decreases and Q] collector current 
increases the base of Q] is further driven towards satura- 
tion by the feedback from R4. Eventually, reiay K1 pulls 
in, and transistor Q] is in saturation, while transistor Q2 is 
cutoff, At this time a positive voltage is developed at the 
output terminal of Q2 as the collector voltage of Q2 rises to 
the supply value of Vcc, At saturation the collector volt- 
age of Q] is less than the base voltage (only a few tenths 
of a volt} and CR? is forward-biased. Slectren current flow 
from ground through Qi and CR2 to Ri, and voltage supply 
Vec, produces a neyative reverse bias voltage which is fed 
back through R2 to Q2 base to hold Q2 in a nonconducting 
state, This is the second stable state, with Q] on and 

Q2 off. 

When a negative trigger is applied through R9 and C3 
from the set-input of Q1, steering diode CR3 temporarily 
conducts and produces a momentary reverse bias 
i t to reduce. 
ge on the 
to tise ind positive direction towards sup- 
2y voltage Vec, and eventually reverse-Diases the aiode. 


‘The positive voltage fed back to the base of Q2 through Ri 
and R2 now causes 12 to aqain conduct. ‘ihus QZ quickiy 
teaches the initial stable conducting state with Q] cut off by 


the negative feedback through Cz and #3. When th 
iector curtent flowing through relay coil of K} is reduced to 
zero, the inductive field about the coil collapses and causes 
CR} to momentarily conduct when a negative trasient appears 
on the cathode. The negative inductive kick is thereby effec- 
tively clipped off, protecting Q] from the inductive surge 
voltage. 

Steering dindee Clg dnd lh wallnot allow pasitive: 
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false triggering is prevented. Resistors RQ and R10 are not 
always required, in fact, they are really not a part of the 
multivibrator. They are used to provide a high impedance 
input instead of the approximate 300 ohm impedance offered 
by the coupling capacitors alone. These resistors also 
prolong the discharge time of the trigger, ensuring that the 
switching action occurs before the trigger is removed. Wath 
the steering diode cathodes connected back to their asso- 
ciated collector through R5 and R8, the conducting tran- 
sistor maintains the diode in an almost forward biased con- 
dition (in saturation the collector is almost the some value 
as the base voltage ~ within tenths of a volt), Thus the 
large trigger pulse instantly turns the diode on and triggers 
the conducting transistor off. If a negative trigger pulse 
was accidentally applied to the nonconducting transistor, 
the large collector to base reverse bias would prevent the 
diode from being forward biased, and the trigger would be 
ineffective. 

Since the output voltage is in-phase with the closing of 
the relay it may be used to signal the position of the relay 
or to trigger an associated circuit. The prime purpose of 
this multivibrator circuit, however, is to control the relay. 
Since the relay is a mechanical device, it operates at slow- 
er speeds than the electronic circuit; thus the relay operat- 
ing speed determines the maximum switching speed. 


FAILURE ANALYSIS. 

General. When making voltage checks, use a vacuum- 
tube voltmeter to avoid the low values of shunting resist- 
ance employed on the low voltage ranges. Be careful to 
observe proper polarity when checking continuity with an 
ohmmeter, since a forward bias through any of the transistor 
junctions will cause a false low-resistance reading. 

No Output or Partial Output. Total loss of output could 
only result from lack of supply voltage, since an output will 
be produced even if both transistors are inoperative. Al- 
though the relay will not operate if Q] is defective or has 
a defective circuit part, a positive voltage equal to the 
Vec, supply will still be obtained from Q2, if inoperative, 
or a negative output if operable. Use an oscilloscope to 
determine that the proper input trigger exists and passes 
through the correct steering diode (an open diode can pre- 
vent triggeting). Then measure the supply voltage and 
check the collector voltage on both transistors. With the 
correct collector bias supply voltage and base bias voltage 
present, the collector of the conducting transistor should 
measure very low (a few tenths of ¢ volt), while the cut off 
transistor will have a high collector voltage almost the 
same as that of the supply voltage. If both collector volt- 
ages are low, either relay coi! K1 or collector resistor R4 
is open, ot the transistor (s) are shorted. Check the re- 
sistance of R4 and K] coil, if the resistances are satis- 
factory, replace the transistor (s). 

Where an output is obtained but no switching occurs, 
in addition to defective steering diodes, either R3, R10, 
C3 or C4 can be open. Hence the necessity to use the os- 
cilloscope to determine if the input trigger appears at the 
transistor base terminal. The circuit will operate without 
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feedback capacitors Cl and C2 but will be somewhat slowed 
down, and will most probably cause sloping leading and 
trailing edges on the output waveform at high switching 
speeds, 

Erratic Operation. Since the circuit is controlled by an 
external trigger it is important to observe the trigger with an 
oscilloscope to be certain that the trigger itself is not er- 
tatic. If the trigger appears norma! in shape and amplitude, 
check operation of the steering diodes and the resistance 
of RS and R8. If the resistance of R5 or R8 increases with 
age, ot they become open, the biasing of the steering diodes 
and the discharge time of R9, C3 or R10, C4 will be changed. 
Such condition might also be caused by defective transistors. 
Check the resistors with an ohmmeter, and the diodes and 
transistors with an in-circuit checker, if possible. Otherwise, 
substitute known good diodes or transistors to determine 
which are defective. 

Incorrect Frequency ot Gate Width, Since the multi- 
vibrator has no parts which govern the frequency or width 
of the output signal, these are both governed by the input 
triggers applied to the circuit. Hence, any change in these 
parameters must be the direct result of improper operation 
of the turn-on or tum-olf trigger generating circuits. 

Low Output. Low collector voltage, improper bias, or 
defective transistors can cause a low output voltage. A 
change in collector resistor R4 will also affect the output 
amplitude. Use an oscilloscope to check the output wave- 
torm and determine where the reduced amplitude exists. 

Then check for the proper bias and collector voltages in 

that portion of the circuit. If normal voltages are present ‘e 
ond the collector resistor is within tolerance, but low out- ry 
put amplitude still exists, it can only be because of reduced o 
collector current. Replace the doubtfu! transistor with one 

known to be good. 


MONOSTABLE MULTIVIBRATORS. 


The monostable multivibrator, as contrasted with the 
bistable type of multivibrator, has only one fixed or stable 
State. The other state is an operational state determined by 
an RC time-constant network. Initially, the monostable cir- 
cuit is triggered into action. Once triggered, the change of 
state occurs and the formerly conducting transistor is cut 
off, while the other uansistor conducts. This action con- 
tinues until the RC network is discharged sufficiently to 
trigger the nonconducting tube on again and restore the ini- 
tial stote of operation which existed before the trigger was 
applied. The monostable circuit can usually be easily rec- 
ognized by the base biasing connection of the normally- 
conducting transistor, It usually consists of a voltage divid- 
er connected to the negative supply (for PNP transistors) 
which holds the transistor forward biased until cut off by the 
action of the trigger pulse, whereas the other type of multi- 
vibrotors have symnietrice] feedback networks. Because of 
the single stable state of operation, this circuit is also 
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known in other publications as a one-shot, single-swing, OF 
single-shot multivibrator. It is sometimes also called a 
flip-flip circuit, because once the trigger initiates the ini- 
tial flipping action the circuit itself will fiip back at the 
end of the RC discharge time. Because of the time-constant 
switching action the circuit needs only une tiigge: 
put waveform, and operates at the same frequency as the in- 
put trigger, instead of half the trigger frequency as in other 
multivibrators. 

The basic monostable multivibrator is discussed in fo]- 
lowing paragraphs. Somewhat more stable circuits can be 
produced by using steering diodes and clamping diodes to 
ensure positive triggering. However, these circuits all 
opetate similarly to the basic one-shot multivibrator except 
that the diodes prevent false triggering by positive noise 
pulses, 


BASIC ONE-SHOT MUL TIVIBRATOR. 


APPLICATION. 

The basic one-shot multivibrator is used to provide a 
delay function for compatible logic circuits, ot is used as a 
gate in computers, electronic control or communication 
equipment. 


CHARACTERISTICS. 

Usually uses fixed bias. 

Requires an on-tigger, but will autom 
self off. 

Operates at the same repetition frequency as that of the 
trigger. 

Has one stable state (monostable). 

Is a saturating type of multivibrator. 


CIRCUIT ANALYSIS. 

General. The basic one-shot multivibrator is a triggered 
Circuit, which requires a trigger pulse to initiate action. 
Once the trigger pulse initiates the action, the circuit uses 
its own power to complete the operation. Either the stabie 
state of cutoff or saturation is used. Normally, one transis- 
tor is operated saturated while the other is at cutoff, When 
the circuit is triggered by an external pulse, the operating 
point is moved from the initial stable region to the other 
stable (operating) region. Meanwhile, the ume constan: 
the circuit elements holds the operating point in the new 
stabie (operating) region é for a short petiod 
Operating point then moves back to the original stable re region 

Cireyit Operation, The schematic Jf o typ: z. 
monostable (one-shot) multivibrator 1s shown in the ac- 
companying tlusuution. 
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Basic PNP One-Shot Multivibrator 


Fixed forward bias is applied to the base of Q2 by resistor 
R2, while the voitage divider consisting ui R4, R3, and RS 
form a fixed bias divider between the base bios supply and 
the collector supply and ground. Thus Q1 is biased slightly 
positive, and is cut off by this reverse-bias. Resistor R4 
also is the collector resistor for Q2, and Rl serves a simi- 
lar function for QI. Resistor R3 serves as the collector-to- 
base feedback resistor for Q1, while C1 is the feedback ca- 
pacitor for Q2. Both emitters are grounded and o cross-con- 
nected, grounded-emitter circuit is used. The input is ap- 
plied through coupling capacitor Cec, while the output is 
taken directly from the collector of Q2. If desired, the out- 
put load could also be capacitively coupled, 

In the quiescent condition, transistor Q2 conducts heav- 
ily while transistor Q] is cut off. This action occurs ini- 
tially because of the large negative forward bias placed on 
e of Q2 by resistor R2, which is connected back to 
the negative suppiy. Thus on application of o2 
quickly saturates, and develops a positive-swinging output 
across R4, which is ted back to the base oi Gi) through te- 
sistot R3, holding the transistor at cut off. During the on- 
period of Q2, teedback capacitor Cj Is charged positively, 
through R] and the low base-emitter saturation resistance ot 
Q2. The low saturation resistance of G we base-emitter 
junction ucts as a Swi! A, connecting ay and Cl in series 
with the negative supply source and ground. 

When the negative triqger is applied to Q) base through 
coupling capacitor Cce (time t, in the following waveform 
illusuation), transistor Qi is instantly driven into conduc- 
uon by this forward bias. The flow of Ql lector Current 


throu ng pro: 


duces u pusilive-si which ie on 
plied thigugh feedback ca; 
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bias to cut off Q2. As the collector current of Q2 reduces, 
the voltage across collector resistor R4 rises toward that 

of the negative collector supply, and an increasing forward- 
bias is fed back to the base of Q] through feedback resistor 
R3. Thus Q2 is cut off and Q] is turned on. Operation is 
now reversed and the output from Q2 is a negative voltage. 
Since C] is positively charged, when disconnected from 
ground by Q2 being driven into cut off, the capacitor holds 
the base of Q2 highly positive (reverse-biased) while it dis- 
charges. The discharge path is through the low collector-to- 
emitter saturation resistance of Q], and ground on one side, 
and through R2 to the negative supply on the other side. 
The discharge is shown by the typical RC discharge curve 
on the trailing edge of the Vb, waveform (time t, to t,) in the 
waveform illustration. Q2 remains nonconducting until the 
base voltage drops to zero and the base of Q2 goes slightly 
negative at time t,. Q2 immediately starts to conduct, and 
the flow of collector current through R4 produces a positive- 
swinging voltage, which is applied through feedback resis- 
tor R3 to drive Q] in a reverse-biased direction and stop con- 
duction through Q]. This regenetative feedback action ac- 
curs quickly, and the output of Q2 is now a positive square 
wave voltage. The quiescent state of operation continues 
until the next trigger (time t,), whereupon the switching 
action described above is again repeated. 
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0967-000-0120 MULTIVIBRATORS 
FAILURE ANALYSIS. 

Generel. When making voltage checks, use a vacuum- 
tube voltmeter to avoid the low values of shunting resist- 
ance employed on the low voltage ranges. Be careful to ob- 
serve proper polarity when checking continuity with an ohm- 
meter, since a forward bias through any of the transistor 
junctions will couse a false low-resistance reading. 

No Output. Lack of supply voltage, an open collector 
tesistor, R4, ot a defective mansistor can cause a no-output 
indication. Measure the supply and collector voltages with 
a high resistance voltmeter, if the supply voltage is normal 
but the collector voltage is low or zero, either Rd is open 
or Q2 is shorted. Checking the resistance of R4 with an 
ohmmeter will determine if Q2 needs replacement. When re- 
placing transistors use known good ones. 

Continuous Output. If bias resistor R2 increases with 
age or opens, the base of Q2 will tend to float in a zero- 
biased condition. The collector of Q2 will rise to the sup- 
ply value, and a continuous output with no switching action 
will occur. The same indication will also occur if R3 is 
open, since Q] will be biased beyond cut off and the trigger 
will not be large enough to initiate action. At the very best, 
an attempt to switch may be noticed, with the circuit revert- 
ing back to the cut off condition when the trigger ceases. 
Such action is best observed with an oscilloscope. Should 
RS open, a negative (forward-bias) will be placed on Ql, and 
both Qi and Q2 will conduct with a continuous positive out- 
put from Q2, On the other hand if Q] is stopped from con- 
ducting by a short across RS, Q2 will continue to operate 
alone, also producing a continuous positive output. Because 
of the few resistors in the circuit a quick check with an ohm- 
meter will determine if they are sutisfactory. Should C] be 
open circuited, no feedback can be applied from the col- 
lector of Q] to the base of Q2 and switching will not occur, 
again Q2 will rest in a conducting position with a positive 
output near zero. If C] becomes short circuited, Rl and R2 
will be paralleled and a higher forward bias wil} be applied 
Q2 base, holding it in conduction and preventing operation. 
Use an in-circuit capacitance checker to check the capac- 
ity of Cl. If the resistors are satisfaciory, together with 
Cl, then Qi must be defective if a continuous output still 
occurs. 

Low Output. Low collector voltage, improper bias, or 
defective transistors can cause a low output voltage. A 
change in collector resistor R4 will clso affect the output 
amplitude. Use an oscilloscope to check the output wave- 
form and determine where the reduced amplitude exists, Then 
check for the proper bias and collector voltages in that 
portion of the circuit. If norma! voltages are present and 
the collector resistor is within tolerance, but a low output 
amplitude still exists, it can only be because of reduced 
collector current. Replace the doubtful transistor with one 
known to be good. 

Incorrect Frequency. Since the multivibrator has no 
parts which govern the frequency of operation, it is governed 
by the applied input trigger. Hence any change in frequency 
must be the result of improper operation of the turn-on trig- 
ger generating circuits. 
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Incorrect Pulse Width. While the frequency is governed 
by the input trigger, the length of time the circuit operates 
before fipping back to the initial stable condition is de- 
termined by the circuit time-constant governed by the charge 
and ae ae of C] through R2, and also Rl. Thus if the 
Sutulution resistance of tansistor Q2 Bo chica coneicily, 
a different pulse width may be expected. Observation of 
the output pulse on an oscilloscope will show any change in 
width. Measure the value of Cl with an in-circuit capac- 
itance checker, and check the resistance of R] and R2. If 
these parts appear satisfactory replace Q2 with a known 
good transistor. Any delays in switching are the result of 
minority carrier injecuon into the base at saturation, which 
teguires a finite discharge time until the circuit can be trig- 
gered. Should a noticeable delay in switching occur after 
the circuit has been operating properly, first check all parts 
f satisfactory, replace the transistor (s) 
ones (usually Q2 will be at fault}, 
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